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Abstract 
Children’s temperament is one of the foundational building blocks of their 
developing personality. Brain structure and neural networks might be associated with 
temperamental differences. The interaction between biological genotypes and the 
environment in which the children develops may influence their temperament. 
Temperament also has a distinct season-of-birth pattern in countries that have 
marked seasons, suggesting that exposure to environmental factors during pregnancy 
might be important. One potential environmental factor affecting childhood 
temperament is seasonal ultraviolet radiation (UV) which may affect vitamin D 
status during pregnancy. Vitamin D has been investigated as an important factor for 
the development of the foetal brain and nervous system. Understandings about the 
effects of season of birth and UV exposure during pregnancy on Australian 
children’s temperament and behaviour are currently limited. In-depth research should 
be performed to identify the association between prenatal environmental factors and 
childhood temperament and behaviour.  
This thesis used unit record data from Growing up in Australia: the 
Longitudinal Study of Australian Children (LSAC). LSAC is the first comprehensive 
nationwide longitudinal data on Australian children’s health and well-being. The 
research is being conducted by the Department of Social Services, the Australian 
Institute of Family Studies, and the Australian Bureau of Statistics. The study 
commenced in 2004 and involved two cohorts: a Birth cohort (children aged 3–17 
months at recruitment) and a Kindergarten cohort (children aged 4–5 years at 
recruitment). 
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Children’s temperament dimensions were measured through the Short 
Temperament Scale for Toddlers (STST), while behavioural outcomes were 
measured through the Strengths and Difficulties Questionnaire (SDQ) and the 
Paediatrics Quality of Life Inventory (PEDSQL). These data were combined with 
total gestational UV exposure from the AusUV Exposure database linked via the 
mother’s postcode. Cosinor procedure and regression modelling were used to 
determine the associations between children’s temperament and behaviour and the 
season and location of birth. The associations between total gestational UV exposure 
and children’s temperament and behaviour were then explored using a multiple 
regression model. 
A statistically significant seasonal change in mean scores of temperament and 
behaviour by birth month was found in the LSAC Kindergarten cohort, with children 
who were born in spring-summer (between October and December) having the 
highest difficulty scores and those born in autumn-winter (between May and July) 
having the lowest scores. The seasonal patterns were particularly strong for the 
teachers’ observations. 
In the multiple regression analysis, a higher total gestational UV exposure level 
was significantly associated with decreases in the difficulty SDQ scores for the 
parent-rated SDQ Emotional symptoms, and SDQ Peer problem; as well as the 
teacher-rated SDQ Emotional symptoms, SDQ Peer problems, SDQ Conduct 
problems, and SDQ Total difficulties scales (p < 0.05). 
This thesis provides an initial step in understanding the influence of prenatal 
factors on children’s temperament and behaviour. It is suggested that further research 
iv  
  
into these factors should be conducted, as it is essential for improving children’s 
psychological health and development. 
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Chapter 1: Introduction 
This chapter outlines the overview of research (Section 1.1), the significance of 
the research (Section 1.2), and identifies the aim (Section 1.3). Section 1.4 defines 
the scope of the research and of the terms that are used. Finally, Section 1.5 provides 
an outline of the remaining chapters of the thesis. 
1.1 OVERVIEW OF RESEARCH 
The search for the origin of psychology in both normal personal characteristics 
and psychopathology has been the subject of thousands of research articles. Some 
studies focus on the implications of evolutionary theory and the influence of genetic 
effects. Others look to the environmental factors that play roles in the development 
of psychology. However, nearly all contemporary theories acknowledge that human 
psychology stems from the interaction of environmental and genetic determinants. 
The research of prenatal environmental factors for the development of physical 
and mental health in offspring has a more scientific basis from the 19th century 
onwards (Ferreira, 1960; Gluckman & Hanson, 2006; Gottlieb, 1997; Iliadou, 2009; 
Joffe, 1969; Sontag, 1941). Within the last two decades the concept that adult health 
and disease can be determined in utero and early-life was given by the work of 
Barker, called the “foetal origins of adult disease hypothesis”. This states that foetal 
adverse influences can result in permanent developmental alterations, which result in 
increased risk of both short and long-term diseases in later life (Barker, 2004). 
Nowadays, developmental pathology among children is becoming a matter of 
great concern. Mental health problems are common in children and adolescents in 
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Australia. Fourteen percent of 4,500 children and adolescents aged from 4 to 17 in 
the National Survey of Mental Health and Well-Being suffered from mental health 
problems (Sawyer et al., 2001). Delinquent behavioural, attention and aggressive 
behavioural problems were diagnosed most frequently (Sawyer, et al., 2001). The 
2004–05 National Health Survey found that around 7% of children aged 0–14 years 
had long term mental or behavioural problems (Australian Bureau of Statistics, 
2006b). A recent survey of pre-school children in Western Australia found that at 
least 5% of children aged 2 years had clinically significant behavioural problems, 
with the prevalence rising to 14% of five-year-old children (Robinson et al., 2008). 
The behavioural problems are contributing to cost burdens for individuals and 
society. According to Australia’s Health report 2014, mental disorders were 
estimated to be responsible for 13% of the total burden of disease and injury in 
Australia in 2003 (Australian Institute of Health and Welfare, 2014) 
There is evidence that environmental factors such as outdoor air pollution 
occurring during pregnancy may impact child behavioural development (Yorifuji et 
al., 2015) and these effects may vary by the timing and degree of gestational insult 
over the course of a pregnancy. Additionally, several temperament and personality 
traits have been linked to season of birth (Chotai, Forsgren, Nilsson, & Adolfsson, 
2001; Chotai, Joukamaa, Taanila, Lichtermann, & Miettunen, 2009). The 
neurochemical templates that modulate human temperament and personality 
characteristics have been shown to vary significantly among seasons (Holmboe, 
Nemoda, Fearon, Sasvari-Szekely, & Johnson, 2011; Luykx et al., 2012).  
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1.2 SIGNIFICANCE OF RESEARCH 
No study has been conducted in Australia to investigate if season and location 
of birth, and UV exposure received during pregnancy are associated with early 
childhood temperament and behaviour. This represents a gap in the knowledge that 
may inform stakeholders as to why some children born at a certain time and in a 
certain location with a mother’s specific amount of UV exposure have a better 
temperament and behaviour outcomes than others. This study is the first of its kind in 
Australia to investigate the possible effects of prenatal environmental factors on 
children’s temperament and behaviour. 
1.3 AIM 
The aim of this study was to identify, and explore, the nature of any 
relationship between season, location of birth and levels of ambient UV exposure 
during pregnancy of mothers in Australia, and the temperament and behaviour 
outcomes of their children. 
1.4 SCOPE 
This study uses the unit record data of children aged 4 and 5 years old, who 
participated in the national Longitudinal Study of Australian Children (LSAC), 
conducted by the Australian government since 2004. The temperament and 
behaviour indicators as well as covariates were obtained from the LSAC data. The 
UV exposure data were obtained from the AusUV database developed by Professor 
Michael Kimlin from the Queensland University of Technology.  
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1.5 STRUCTURE OF THESIS CONTENT 
In Chapter 2 a literature review examines current knowledge of temperament 
theory, the effects of season, location of birth and UV exposure on psychological 
disorders and personality. The chapter commences with a summary and discussion of 
current studies in the area, and identification of areas that await further research. 
Chapter 3 draws on the conclusions of the previous chapter to establish the 
research question and then develop an appropriate method for conducting a study 
that will answer the question and fulfil the study aim. The research instruments and 
the method of their application are then described. Data analysis methods are 
discussed and a seasonal Cosinor model is developed and a step-by-step explanation 
of the model-building process is outlined. 
The study results are delivered in three chapters. Chapter 4 provides descriptive 
and summary statistics relating to the outcomes, main exposure and all covariates 
considered to be potential confounders. Chapter 5 determines the relationship 
between season and location of birth and early childhood temperament and 
behaviour. This chapter sets the scene for the possible relationships in order to 
further examine the association that is defined in Chapter 6, between UV exposure 
during gestation, and temperament and behaviour.  
The results from Chapters 4, 5 and 6 are then evaluated and discussed in 
Chapter 7 in terms of the contribution they make to existing knowledge on the 
relationship between season of birth, UV exposure and temperament and behaviour 
in young children. Recommendations for areas in which this research could be 
extended in the future, possible improvements to the research design, and limitations 
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of the study are suggested in this chapter, before final conclusions are drawn in 
Chapter 8. 
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Chapter 2: Literature review  
This chapter aims to examine the available literature on the relationship 
between temperament and behavioural attributes at an early age, and potential 
environmental factors, including season of birth and ultraviolet radiation exposure 
during pregnancy. 
2.1 TEMPERAMENT 
2.1.1 What is temperament? 
The idea of temperament originated in Europe with the second-century Greek 
physician Galen, who posited that the typology of human temperament was related to 
the balances of internal humours. The four of nine temperament types in Galen’s 
typology that have been the most widely applied are melancholy (sad), sanguine 
(warm), choleric (easily angered), phlegmatic (apathetic) (Rothbart, 1995; Zentner & 
Shiner, 2012). 
There are broad variations in defining temperament across multi-disciplinary 
contemporary literature. Strelau defined temperament as a set of “basic, relatively 
stable personality traits which have been present since early childhood, occur in man, 
and have their counterparts in animals (Strelau, 2001, p. 312). Being primarily 
determined by inborn neurobiochemical mechanisms, temperament is subject to slow 
changes, caused by maturation and individual-specific genotype–environment 
interplay” (Strelau, 2001, p. 312). Rothbart and Bates described temperament “as 
constitutionally based individual differences in reactivity and self-regulation, in the 
domain of affect, activity, and attention [...] By the term constitutional, we refer to 
8 Literature review 
  
the biological bases of temperament, influenced over time by heredity, maturation, 
and experience” (Rothbart & Bates, 2006, p. 100). Kagan and Fox stated that 
temperament “refers to a biologically based bias for correlated clusters of feelings, 
thoughts, and actions that appear during childhood, but not always in the opening 
months, and are sculpted by varied rearing environments” (Kagan & Fox, 2006, pp. 
170-171). The biological biases that are the foundations of temperament can be due 
to heritable variation in anatomy or neurochemistry or the result of prenatal events 
that are not strictly genetic in origin (Kagan & Fox, 2006, pp. 170-171). 
Zentner and Bates developed the following inclusion criteria for child 
temperament regarding the origin, stylistic aspects, biological basis and the content 
or type of behaviours (Zentner & Bates, 2008, p. 15):  
1. “Individual differences in normal behaviours pertaining to the domains of 
effect, activity, attention, and sensory sensitivity” (Zentner & Bates, 2008, 
p. 15) 
2. “Typically expressed in formal characteristics such as response intensities, 
latencies, durations, threshold, and recovery times” (Zentner & Bates, 
2008, p. 15) 
3. “Appearance in the first few years of life (partial appearance in infancy, 
full expression by preschool age)” (Zentner & Bates, 2008, p. 15) 
4. “Counterpart exists in primates as well as in certain social mammals (e.g., 
Canis familiaris)” (Zentner & Bates, 2008, p. 15) 
5. “Closely, if complexly, linked to biological mechanisms (e.g., 
neurochemical, neuroanatomical, genetic)” (Zentner & Bates, 2008, p. 15) 
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6. “Relatively enduring and predictive of conceptually coherent outcomes 
(e.g., early inhibition predicting internalizing, early difficultness 
externalizing disorders)” (Zentner & Bates, 2008, p. 15) 
Temperament characteristics such as distress and avoidant movements can be 
observed early in the newborn. Approach reactions (smiling and body movement) 
and anger or frustration can be observed at 2 to 3 months, and fear in the form of 
behavioural inhibition may develop by 7 to 10 months (Rothbart, 2007).  
2.1.2 Approaches to children’s temperament  
There are several well-known approaches to temperament that have been 
developed and revised over decades: the behavioural styles approach of Thomas and 
Chess (Thomas & Chess, 1977), the criterial approach to temperament of Buss and 
Plomin (Buss & Plomin, 2014), the psychobiological approach of Rothbart 
(Rothbart, 2011), the emotion regulation of Goldsmith and Campos (Goldsmith, 
Lemery, Aksan, & Buss, 2000; Goldsmith, Lemery, Buss, & Campos, 1999), and the 
behavioural inhibition model of Kagan (Kagan & Fox, 2006), was as well as the 
adaptions of adult temperament theories to childhood approach of Gray (Gray, 2001), 
and the psychobiological model of temperament and character of Cloninger 
(Cloninger, Svrakic, & Przybeck, 1993). 
The original New York Longitudinal Study (NYLS) conceptualization of 
temperament in infancy and childhood first developed models for temperament 
measurement by Thomas and Chess (Thomas & Chess, 1977). This study was 
conducted in 1956 and followed 130 children from three months to adulthood to 
determine the basic temperament in humans. In the NYLS, temperament was defined 
as behavioural style. Nine dimensions of temperament were studied: “Activity level, 
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Approach/Withdrawal, Adaptability, Mood, Threshold, Intensity, Distractibility, 
Rhythmicity, Attention span/Persistence” (Thomas & Chess, 1977). Some later 
studies found that temperament traits were not measured accurately by 
questionnaires based on this early model, suggesting that revision of measuring 
temperament in different contexts may be important (Carey & McDevitt, 1978; 
Fullard, McDevitt, & Carey, 1984; Goldsmith, Buss, & Lemery, 1997; Presley & 
Martin, 1994; Rothbart & Bates, 2006).  
Buss and Plomin (1975) described temperament should be inherited, relatively 
stable during childhood, and retained into adulthood (Buss & Plomin, 2014). The 
EAS Temperament Survey was developed to measure Emotionality, Activity, and 
Sociability temperaments (Buss & Plomin, 2014). 
Rothbart and Bates revised and re-classified temperamental dimensions in 
infants and toddlers into three broad traits: “Surgency/Extraversion”, consisting of 
“Approach, Vocal Reactivity, High Intensity Pleasure, Smiling and Laughter, 
Activity Level and Perceptual Sensitivity”; “Negative emotionality”, including 
“Fear, Frustration, Sadness, Falling Reactivity”; “Orienting/Regulation” defined 
from “Low Intensity Pleasure, Duration of Orienting, Cuddliness, Soothability” 
(Rothbart & Bates, 2006).  
Goldsmith and Campos defined “temperament as early developing individual 
differences in tendencies to experience and express emotions, including their 
regulatory aspects” (Goldsmith, et al., 2000, p. 2). Goldsmith developed the Toddler 
Behaviour Assessment Questionnaire (TBAQ) to measure five emotional 
temperament dimensions: Activity level, Pleasure/Positive Affect, Fearfulness, 
Anger proneness, and Interest/Persistence (Goldsmith, et al., 2000). 
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Other approaches to temperament in adults play an important role in 
developing temperament theories about children (Zentner & Bates, 2008), for 
instance, Gary’s neural theory of the Behavioural Inhibition System (BIS) and the 
Behavioural Approach System (BAS), which was adapted by Martin and colleagues 
in the Temperament Assessment Battery for Children (TABC-R). The TABC-R 
measures Negative emotionality, Activity level, and Task persistence (adapted from 
NYLS theory), as well as Social inhibition and Impulsivity (adapted from the BIS 
and BAS theories) (Martin, 1994; Nelson, Martin, Hodge, Havill, & Kamphaus, 
1999; Presley & Martin, 1994). 
2.1.3 The importance of temperament in personality development and learning  
Childhood temperament can influence adult development, with temperamental 
predispositions being recognised as necessary building blocks for a child’s 
developing personality, adaption, behaviours, emotions, and their ability to engage 
with the wider world (Shiner & Caspi, 2012). Figure 2.1 below illustrates potential 
effects that certain temperament traits may have on personality development and 
adaption (Shiner & Caspi, 2012). In Figure 2.1 the influence of temperament on 
personality traits, which is represented with a large arrow, is indicated to be stronger 
than the influence of temperament on other aspects of adaption and life functioning 
(Shiner & Caspi, 2012). 
Shiner and Caspi summarise four basis processes through which temperament 
shapes personality development, including learning process, environmental 
elicitation, environmental construal, and environmental selection (Table 2.1) (Shiner 
& Caspi, 2012, p. 501).  
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• Learning process: Temperament influences learning mechanisms such 
as “children’s proclivities toward positive and negative reinforcement, 
punishment, discrimination learning, and extinction in the face of 
difference experiences” (Shiner & Caspi, 2012, p. 501). 
• Environmental elicitation: Temperament shapes the way other people 
respond to the child (Shiner & Caspi, 2012, p. 501). 
• Environmental construal: Temperament shapes the child’s more 
effective experience of the environment (Shiner & Caspi, 2012, p. 501). 
• Environmental selection and manipulation: Temperament shapes 
children’s choices about the environments in which they spend their 
time when the children get older (Shiner & Caspi, 2012, p. 501). 
Capsi and colleagues have shown the links between temperament in childhood 
and personality in adulthood (Caspi et al., 2003); for example, children who show 
low attentional control at aged 3 are more likely to show neurotic and alienated 
tendencies in adulthood. Confidence in childhood is related to confidence and lack of 
fearfulness in adulthood; while inhibited and reserved temperaments that emerge 
early, have been related to later harm avoidance and low social potency (Caspi, et al., 
2003). In addition, some temperament traits have been shown to be associated with 
children’s subsequent adjustment problems. Tendencies toward impulsivity in 
childhood may be related to later externalizing behaviour problems, while tendencies 
toward fearfulness that emerge in early life may be related to later internalizing 
problems (Schermerhorn et al., 2013). 
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Figure 2.1 A conceptual model for the role of temperament traits in the development 
of personality and adaption (Adapted from (Shiner & Caspi, 2012, p. 499)) 
 
 
Table 2.1 Four processes through which temperament shapes personality 
development (Adapted from (Shiner & Caspi, 2012, p. 501)) 
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In addition, temperament has been found to contribute to children’s 
performance at school. Early research by Martin and colleagues has shown that 
children’s temperament traits such as activity level, adaptability, 
approach/withdrawal, distractibility, and persistence, were related to academic 
achievement after the effect of intelligence was controlled (Martin & Holbrook, 
1985; Martin, Nagle, & Paget, 1983). Later studies continue to elucidate the 
contribution of temperament to learning success (Graziano, Reavis, Keane, & 
Calkins, 2007; Gumora & Arsenio, 2002; Liew, McTigue, Barrois, & Hughes, 2008; 
Rudasill, Gallagher, & White, 2010; Schoen & Nagle, 1994; Valiente et al., 2013; 
van Lier et al., 2012).  
2.1.4 Australian research on temperament in childhood  
The Australian Temperament Project 1983–2000 
In Australia, the Australian Temperament Project (ATP) 1983–2000 defined 
temperament measures specifically for Australian children (Prior, Sanson, Smart, & 
Oberklaid, 2000). The project revised the validated Australian version of the Carey 
and McDevitt 95-item Revised Infant Temperament Questionnaire, the Toddler 
Temperament Scale, Thomas and Chess’s Child Temperament Questionnaire (with 
minor revisions for Australian usage), and the Preschool Behaviour Questionnaire 
(Prior, et al., 2000). The seven temperament dimensions in the Australian infants and 
toddlers include: “Approach, Irritability, Cooperation/Manageability, 
Activity/Reactivity, Rhythmicity, Persistence, and Distractibility”. The ATP also 
developed a short form classification scale of temperament traits in childhood.  They 
were: “Approach, Sociability, Inflexibility, Emotionality, Activity, Rhythmicity, and 
Persistence”. “Approach” refers to “a tendency to approach new stimuli such as new 
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people and situations versus shyness and withdrawal” (Prior, et al., 2000). 
“Irritability” indicates a tendency to excessive crying and fussing (Prior, et al., 2000). 
“Cooperation/Manageability” refers to the ability to adapt to everyday events (Prior, 
et al., 2000). “Activity/Reactivity” is conceptualized as “active reaching for objects, 
and intensity of reactions” (Prior, et al., 2000). “Rhythmicity” refers to a tendency to 
regularity of repetitive routines such as sleeping and eating. “Persistence” is a 
tendency to remain focused on an activity or a task and the capacity to persist to 
completion (Prior, et al., 2000). “Distractibility” describes “the ease with which a 
child can be distracted or comforted when needed” (Prior, et al., 2000). 
“Inflexibility” refers to “difficulty in dealing with anger and frustration, and 
adjusting to challenges” (Prior, et al., 2000). Table 2.2 below shows variations of 
temperament dimensions in children and adolescents identified from the Australian 
Temperament Project. 
Table 2.2 Temperament dimensions from infancy through adolescence in the 
Australian Temperament Project 1983–2000 (Prior, et al., 2000) 
Infancy 
4–8 months 
STSI1 
Toddlerhood 
18–36 months 
STST2 
Early 
childhood 
3–8 years 
STSC3 
Mid-childhood 
9–10 years 
EAS4 
Adolescence 
11–16 years 
SATI5 
Approach Approach Approach 
Sociability- 
Shyness 
Approach 
Irritability Irritability 
Inflexibility Emotionality 
Negative 
reactivity Cooperation/ 
Manageability 
Cooperation/ 
Manageability 
Activity/ 
Reactivity 
Activity/ 
Reactivity 
 Activity Activity 
Rhythmicity Rhythmicity Rhythmicity   
 Persistence Persistence  Persistence 
 Distractibility    
1Short Temperament Scale for Infants; 2Short Temperament Scale for Toddlers; 
3Short Temperament Scale for Children; 4Emotionality, Activity, Sociability (EAS) 
Temperament Scale; 5School-Aged Temperament Inventory 
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Growing Up in Australia: The Longitudinal Study of Australian Children 
2004–present  
The Longitudinal Study of Australian Children (LSAC) is a national 
longitudinal study of Australian children, exploring multiple facets of children’s 
physical health, social, cognitive and emotional development within Australia’s 
current social, economic and cultural environment (Gray & Sanson, 2005). LSAC 
was begun in 2004 through a partnership between the Australian Institute of Family, 
the Department of Social Services, and the Australian Bureau of Statistics. LSAC 
uses a number of temperament and behaviour measures, for example: 
• the Short Temperament Scale for Toddlers (STST): the STST is a 
shortened version of the Toddler Temperament Scale (TTS) drawn 
from the Australian Temperament Project 1983–2000 (Prior, et al., 
2000). This scale measures reactive, persistent, and approach 
temperaments. 
• the Brief Infant-Toddler Socio-Emotional Adjustment scale (BITSEA) 
(Briggs-Gowan, Carter, Irwin, Wachtel, & Cicchetti, 2004). This scale 
measures problem behaviours and competencies in infants and toddlers. 
• the Strengths and Difficulties Questionnaire (SDQ) (Goodman, 1997). 
The SDQ assesses child prosocial behaviour, and child behaviour 
problems such as hyperactivity, emotional symptoms, peer relationship 
problems, and conduct problems. 
• the School-Age Temperament Inventory (SATI) (McClowry, 
Rodriguez, & Koslowitz, 2008). The SATI includes task persistence, 
and reactivity temperaments. 
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2.1.5 Biological bases of temperament 
Studies over recent decades have found evidence of a relationship between 
temperament and biological bases. Cloninger et al. (1993), in developing a 
psychobiological model of personality, firstly suggested the contribution of 
neurobiological and genetic bases to temperament traits. Following from this, 
research on behavioural genetics, using twin design, showed that individual 
temperaments (e.g., persistence, activity level, shyness, sociability, emotionality) are 
heritable traits (Goldsmith, et al., 1997; Saudino & Zapfe, 2008). Further research 
has found a link between genetic factors and inhibited or uninhibited behaviours in 
children (Robinson, Kagan, Reznick, & Corley, 1992), the activity level in infancy 
and early childhood (Saudino & Zapfe, 2008), and childhood emotionality 
temperament (Hur, 2009). 
There appears to be a biological basis for these findings. The nervous system 
structures and neurotransmitters, which are heritable, may influence human 
temperaments (Steinmetz, 1994). Recent neuro-imaging studies have shown that the 
volumes of certain parts of the brain are linked with temperament and personality. 
Iidaka et al. (2006) found that harm avoidance was correlated with the amygdala 
volume, whereas novelty-seeking was associated with the prefrontal volume, and 
reward dependence was associated with the caudate volume. Whittle and colleagues 
conducted a neuroanatomical-based study of temperament dimensions in healthy 
adolescents and showed that effortful control tends to be higher in individuals with a 
larger volume of the orbitofrontal cortex and hippocampus in the left hemisphere of 
the brain (Whittle et al., 2008). The authors also found an association between higher 
negative affectivity and smaller volume of the left dorsal anterior cingulated cortex 
(paralimbic) relative to anterior cingulated cortex (limbic); and in the case of higher 
18 Literature review 
  
affiliativeness, there was evidence of larger volume of the right rostral/ventral 
anterior cingulated cortex (limbic) (Whittle, et al., 2008).  
It has also been proposed that a large number of neurochemical profiles appear 
to have significant influences on the expression of temperament, including 
monoamine neurotransmitters (serotonin, melatonin, dopamine, norepinephrine), 
amino acids (glutamate, γ-aminobutyric acid), opioids, and corticotrophin-releasing 
hormones (Kagan & Fox, 2006). Dopamine, expressed freely in the brain, has a 
specific function in the neuroregulative processes (von Bohlen und Halbach & 
Dermietzel, 2007). Recent reports have shown an association between the genetic 
variants of D4 dopamine receptors and novelty–seeking (Eisenberg, Campbell, 
MacKillop, Lum, & Wilson, 2007; Okuyama et al., 2000). Other neurochemical 
substrates in the central nervous system such as norepinephrine, corticotrophin-
releasing hormone, gamma-aminobutyric acid, and opioids could affect the 
excitability of the amygdala and its projection, subsequently regulating inhibited or 
uninhibited behaviour (Robinson, et al., 1992). 
There is evidence of an interaction between biological genes and 
environmental contexts in explaining childhood temperament. Recent research has 
found that the short allele (variant) of the child’s serotonin transporter gene promoter 
polymorphism and low social support may increase risk for the temperamental 
dimension of behavioural inhibition in middle childhood (Fox et al., 2005). The 
dopamine receptor D4 (DRD4) genotype, particularly the DRD4 7-repeat allele, 
combined with parenting practices, has been related to sensation seeking in young 
children (Sheese, Voelker, Rothbart, & Posner, 2007). Another study has suggested 
that children with a copy of the methionine allele of the brain-derived neurotrophic 
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factor (BDNF) genotype were at higher risk of negative emotionality with the joint 
influence of negative familial contexts (Hayden et al., 2010). 
2.1.6 Social determinants of temperament 
Although temperament is considered a biologically constitutional trait, the 
phenotypes that reflect temperament continue to develop after birth and may be 
moderated by contextual and societal factors such as parenting styles, and family 
socio-economic status.  
Parenting styles and temperament  
Parenting is defined as a process of “promoting and supporting the physical, 
emotional, social, financial, and intellectual development of a child from infancy to 
adulthood” (Davies, 2000, p. 245). The concept of parenting styles has been 
developed based on the pioneering work of Diana Baumrind, and other researchers in 
child development (Darling & Steinberg, 1993).  
Studies over decades have shown the role of parenting attitudes and styles on 
child temperament and psychological outcomes. For example, authoritarian parents 
are highly “obedience- and status-oriented, and expect their orders to be obeyed 
without explanation” (Baumrind, 1991, p. 62). Authoritarian parenting is linked to 
fearful behaviour, negative emotionality, internalising and externalising problems, as 
well as aggression and antisocial behaviour in children (Darling & Steinberg, 1993; 
Kawabata, Alink, Tseng, van Ijzendoorn, & Crick, 2011; Kochanska, Aksan, & Joy, 
2007; Laukkanen, Ojansuu, Tolvanen, Alatupa, & Aunola, 2014; Muhtadie, Zhou, 
Eisenberg, & Wang, 2013; Snyder, Stoolmiller, Wilson, & Yamamoto, 2003). In 
contrast, authoritative parenting style is a type of warm and responsive parenting. 
“They monitor and impart clear standards for their children’s conduct. They are 
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assertive, but not intrusive and restrictive. Their disciplinary methods are supportive, 
rather than punitive. They want their children to be assertive as well as socially 
responsible, and self-regulated as well as cooperative” (Baumrind, 1991, p. 62). This 
type of parenting style promotes the development of child emotion regulation and 
socio-emotional competence. Specifically, studies have shown the relation between 
parental warmth and child positive emotionality, less negative emotionality, and 
better self-regulation (Kochanska, 1991, 1993). Also, warm parenting is associated 
with less child fearfulness (Kochanska, 1995; Kochanska, et al., 2007).  
While there is evidence that child temperament and parenting are linked, these 
results are tentative and need to be interpreted with care (Sanson, Hemphill, & 
Smart, 2004). The association between temperament and parenting could be the 
result of earlier parenting history; or it may be explained by biological inheritance 
from parents to children, rather than by the direct influence of parenting on 
temperament, or vice versa (Sanson, et al., 2004).  
Socio-economic status (SES) 
Socio-economic status (SES) is commonly defined as a combination of 
parental education level, income and occupational status. SES is one of the most 
essential fundamental determinants of human development, well-being, and physical 
and mental health (American Psychological Association, 2007). Understanding the 
influence of SES on temperament and behaviour is important, and may involve 
exploring different avenues such as parenting and child-rearing styles, economic and 
social resources, parental mental health, or a combination of these factors at different 
stages of life (Letourneau, Duffett-Leger, Levac, Watson, & Young-Morris, 2013).  
In recent years, research on the socio-economic inequalities in children mental 
health problems has shown that children from lower SES families are more likely to 
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have behavioural problems than those from higher SES families, although the 
strength of this relationship varies by type of mental problem, and behavioural 
questionnaires and measures (Costello, Compton, Keeler, & Angold, 2003; Davis, 
Sawyer, Lo, Priest, & Wake, 2010; McLaughlin et al., 2011; Melchior et al., 2010; 
Najman et al., 2010; Ochi, Fujiwara, Mizuki, & Kawakami, 2014; Perna, Bolte, 
Mayrhofer, Spies, & Mielck, 2010; Steele et al., 2015; Strohschein, 2005). 
Recently, in a large French mother–child cohort study, an association between 
maternal SES and child temperament, as observed from 24 weeks of gestation to 12 
months of age, was reported (Melchior et al., 2012). Children from families with a 
low SES may have higher levels of emotionality and activity, compared with those 
from higher SES families (Melchior, et al., 2012). 
2.2 DEVELOPMENTAL RISKS OF DIFFICULT TEMPERAMENT AND 
BEHAVIOUR 
In this section the contributions of common developmental risk factors over 
periods of prolonged exposure that can impact children’s difficult temperament and 
behaviours are discussed. As it is impossible to discuss this entire topic in detail in 
one chapter, the main themes and conclusions will be summarised where appropriate, 
and attention drawn to review articles that will allow those interested to read further. 
2.2.1 Pollutants 
The exposure to several pollutants during prenatal and postnatal periods could 
result in long-term neurological and temperament and behavioural consequences in 
children (Winneke, 2005). The most common pollutants such as lead, air toxins (e.g. 
benzene, toluene, and polycyclic aromatic hydrocarbons) have long been 
investigated. 
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Lead 
Lead can contaminate the atmosphere, water and soil through natural sources, 
industrial manufacture and daily life activities (National Health and Medical 
Research Council (NHMRC), 2009). There is evidence that lead can cross the 
placental barrier into the foetus (Goyer, 1990; Lü, Petroianu, Widjaja, & Rüfer, 
1997). In addition, due to mouthing behaviours, children are one of the groups 
vulnerable to lead exposure via toys with lead-based paint or with dust/soil 
contaminated lead (NHMRC, 2009). Recent epidemiological findings have examined 
the correlation between early environmental lead exposure and long-term 
neurological effects. For example, increased lead exposure at third trimester of 
pregnancy may decrease intellectual development in children up to 10 years of age 
(Schnaas et al., 2006). Studies in areas surrounding lead smelters in Port Pirie of 
Australia, Kosovo of Yugoslavia, and Cincinnati of the USA, showed that exposure 
to environmental lead during prenatal and postnatal periods resulted in 
neuropsychological effects in children, including IQ reduction (Baghurst et al., 1992; 
Lanphear et al., 2005; Tong, Baghurst, McMichael, Sawyer, & Mudge, 1996), 
emotional and behavioural problems (Burns, Baghurst, Sawyer, McMichael, & Tong, 
1999; Wasserman, Staghezza-Jaramillo, Shrout, Popovac, & Graziano, 1998), and 
neuromotor performance (Dietrich, Succop, & Berger, 1993). Additionally, exposure 
to lead during prenatal and childhood periods is associated with an increased risk of 
attention deficit hyperactivity disorder (Braun, Kahn, Froehlich, Auinger, & 
Lanphear, 2006; Nigg et al., 2008), criminal activities (Dietrich, Douglas, Succop, 
Berger, & Bornschein, 2001; Wright et al., 2008), and schizophrenia in later life 
(Opler et al., 2008; Opler & Susser, 2005). More recently, a study in China has 
Chapter 3: Literature review 23 
 
shown that high blood lead level may affect child temperament, especially in activity 
level, approach-withdrawal, and adaptability dimensions (Liu et al., 2011). 
Hazardous air pollutants 
Hazardous air pollutants (HAPs) or air toxins “are present in the air in low 
concentrations with characteristics such as toxicity and persistence so as to be a 
hazard to human, plant or animal life” (Environment Australia, 2001). Benzene, 
formaldehyde, polycyclic aromatic hydrocarbons (PAHs), toluene and xylene are the 
most prevalent toxins in ambient air in Australia (Environment Australia, 2001). 
Dowty and colleagues, using the gas chromatographic-mass spectrometric technique, 
determined that levels of benzene in human foetal cord blood were present in 
quantities equal to, or greater than, those found in maternal blood, suggesting the 
transplacental passage of benzene into the foetus (Dowty, Laseter, & Storer, 1976). 
Maternal exposure to airborne benzene is linked to decreases in birth weight and 
head circumference at birth (Slama et al., 2009). Prenatal and postnatal head sizes 
have been significantly associated with cognitive development in children (Yanney 
& Marlow, 2004). Reduced body weight and skeletal formation, altered 
neurobehavioral and cognitive development were negative effects of a high 
concentration of prenatal toluene exposure, demonstrated in animal experiments 
(Bowen & Hannigan, 2006). Although previous studies have shown that levels of 
ambient toluene exposure in the general population are lower than those associated 
with neurobehavioral deficits, increased toluene used in industrial and household 
products may increase the risk of neurological diseases in children (Greenberg, 
1997). It is also suggested that prenatal exposure to airborne polycyclic aromatic 
hydrocarbons (PAHs) may impact cognitive development of children, with reduced 
school performance (Edwards et al., 2010; Perera et al., 2006; Perera et al., 2011). 
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2.2.2 Nutrition 
Prenatal malnutrition is a known contributor to neurodevelopmental defects, 
and its relationship to increased risk for developing schizophrenia has been shown in 
studies of the Dutch Hunger Winter Famine of 1944–1945 and the Chinese Great 
Famine of 1959–1961 when a decline in food intake occurred (Brown & Susser, 
2008; Xu et al., 2009).  
The importance of nutrition during gestation has been well established. Severe 
malnutrition can lead to foetal development problems affecting every aspect of the 
body function, because of changes in diet that resulted in deficiencies of 
macronutrients (i.e., proteins, carbohydrates, fats, macro minerals, and water), and 
micronutrients (i.e., vitamins and trace minerals) (Liu, Zhao, & Reyes, 2015; Wu, 
Bazer, Cudd, Meininger, & Spencer, 2004).  
There is reasonable consistency in the literature for the association between 
nutrition deficiency and behavioural problems. Animal experiment studies have 
shown that prenatal protein malnutrition can affect offspring’s brain growth and 
development (Amaral et al., 2015; McGaughy et al., 2014; Morgane et al., 1993; 
Morgane et al., 1978; Morgane, Mokler, & Galler, 2002; Resnick et al., 1979). In 
rats, prenatal protein malnutrition is associated with impaired learning, and increased 
impulsiveness in young rats (Alamy & Bengelloun, 2012). Protein-energy 
malnutrition is widely studied in nutritional disorder research in humans (Martin & 
Dombrowski, 2008). The effects of protein-energy malnutrition on brain 
development and behaviour can be determined by studying the effects of intrauterine 
growth retardation (IUGR) due to placental insufficiency (Martin & Dombrowski, 
2008).  
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There is good evidence that deficiency in some micro-nutrients influences early 
brain development. Folate or folic acid (vitamin B9) is a vitamin that plays an 
important role in human health, especially in children. Folate is well known for its 
role in reducing the risk of neural-tube defects in newborns (Czeizel, Dudás, 
Vereczkey, & Bánhidy, 2013; Pitkin, 2007). Furthermore, children of mothers with 
folate deficiency during gestation is also linked to an increased risk of emotional and 
behavioural problems (Roza et al., 2010; Steenweg–de Graaff et al., 2012), as well as 
hyperactivity and peer problems (Schlotz et al., 2010). In addition, prenatal folic acid 
supplements can reduce the risk for autism in children (Schmidt, 2013; Schmidt et 
al., 2012). 
Vitamin D is another essential vitamin that has numerous health implications in 
both the mothers and their offspring. Higher maternal vitamin D level is related to 
lower risk of attention deficit hyperactivity disorder-like symptoms in children 
(Morales et al., 2015). The important role of vitamin D in children health will be 
discussed in detail in a subsequent chapter.  
2.2.3 Maternal prenatal stress  
Stress is becoming increasingly one of the major challenges in the modern life. 
Stress describes an unexpected, threatening condition that can have an impact on a 
person’s physical and mental health depending on the characteristics of the 
individual experiencing the condition (Martin & Dombrowski, 2008). 
A considerable body of evidence suggests that maternal prenatal stress is 
associated with difficult temperament and behavioural problems in infants and young 
children (Field et al., 2004; Gutteling et al., 2005; Huizink, Robles De Medina, 
Mulder, Visser, & Buitelaar, 2002; Lundy et al., 1999; McGrath, Records, & Rice, 
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2008; O'Connor, Heron, Golding, Beveridge, & Glover, 2002; Wadhwa, Sandman, & 
Garite, 2001; Weinstock, 2008). In recent years, there is evidence that prenatal 
maternal stress is related to stress in activity in toddlers (Yong Ping et al., 2015), 
subsequently may predict adult offspring internalizing and externalizing problems 
(Betts, Williams, Najman, & Alati, 2014, 2015). 
2.3 SEASON OF BIRTH AND PSYCHOLOGICAL ASPECTS  
Franco and William stated that the Hippocratic writings in "Hippocrates: On 
Endemic Diseases: Airs, Waters, and Places" identified the importance of seasonal 
influences on people’s health and well-being – “He advises the physician to consider 
what effects each season of the year can produce because each season and each 
change of season differ from the others. As the year passes, physicians will be able to 
tell what epidemic diseases will arise in the summer and what in the winter, and they 
will be able to distinguish seasonal diseases from those arising out of an individual’s 
mode of life” (Franco & Williams, 2000, p. 10). 
The very first published study to document the effects of season of birth on the 
development of severe psychiatric illness was in 1929, with Tramer’s publication of 
birth data for 3,100 Swiss patients with psychoses. The author suspected that 
seasonally varying diet, vitamins, and sunlight were important factors in psychical 
development; therefore, an individual’s month of birth might influence their risk of 
developing psychotic disorders later in life (Brown & Patterson, 2011). Today the 
credence given to the season of birth effect may be evidenced by its broad research 
interest globally, not only in the human pathological aspects such as psychiatric 
disorders, but also in ‘normal’ psychological traits such as in temperament and 
personality. 
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2.3.1 Season of birth and psychiatric disorders 
Season of birth has been shown to be one of the major environmental 
determinants of schizophrenia. There are several consistently–replicated 
epidemiological studies that have shown a slight but significant (5–15%) excess risk 
of developing schizophrenia in individuals born in the winter and spring, compared 
with those born in other seasons (Hori et al., 2012; Kunugi et al., 1997; Mortensen et 
al., 1999; Schwartz, 2011; Torrey, Miller, Rawlings, & Yolken, 1997). Increased risk 
of schizophrenia is also associated with higher latitude (Davies, Welham, Chant, 
Torrey, & McGrath, 2003; McGrath, Saha, Chant, & Welham, 2008). Mortensen 
calculated that season of birth might account for 10.5 percent of all cases of 
schizophrenia (Mortensen, et al., 1999), making it worthy of much further research 
interest. 
The association between season of birth and risks of other brain and 
neurological disorders has also been intensively investigated. Season of birth is 
among the most investigated environmental risk factors for developing multiple 
sclerosis in later life. Many studies around the world have consistently found that the 
risk of multiple sclerosis is increased among spring and summer-born individuals 
(Bayes, Weir, & O’Leary, 2010; Becker et al., 2013; de Abreu et al., 2009; Disanto 
et al., 2012; Templer et al., 1992; Willer et al., 2005).  
There have been findings of the correlation between birth season and risk of 
brain tumours, with an excess of cases born in wintertime in high latitude countries 
such as the UK (McNally et al., 2002), Norway (Heuch, Heuch, Akslen, & Kvåle, 
1998), and the USA (Brenner et al., 2004). 
There is a consistent evidence for an association between season of birth and 
the risk of suicide, with a significantly increased suicide risk found among people 
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born in spring and summer compared with those born in autumn and winter (Döme, 
Kapitány, Ignits, & Rihmer, 2010; Karhumaa, Hakko, Nauha, & Räsänen, 2013; 
Rock, Greenberg, & Hallmayer, 2006; Salib & Cortina-Borja, 2006). 
Studies have shown that dyslexia (Donfrancesco et al., 2010; Livingston, 
Adam, & Bracha, 1993), epilepsy (Procopio, Marriott, & Davies, 2006; Procopio, 
Marriott, & Williams, 1997), amyotrophic lateral sclerosis (Ajdacic-Gross, Wang, & 
Gutzwiller, 1998; Pamphlett & Fang, 2012), major depression (Mino, Oshima, & 
Okagami, 2000), mood seasonality (Natale, Adan, & Chotai, 2007), and autism 
(Hebert, Miller, & Joinson, 2010; Stevens, Fein, & Waterhouse, 2000), have been 
found to be associated with birth season, although no consistent pattern has emerged. 
2.3.2 Season of birth and temperament and personality 
There have been mixed findings on the relationship between birth season and 
individual temperament. Chotai et al. (2001) investigated the influence of season of 
birth on temperament and character dimensions of personality in an adult random 
population in Sweden, and found that women born during February to April scored 
higher on the dimension of novelty seeking than those born during October to 
January, and for men, those born between October and January were significantly 
less likely to have high persistence when compared to those born during the rest of 
the year (Chotai et al., 2001). Another study in adolescents and adults found that 
harm avoidance was significantly associated with season of birth among women 
(Chotai, Lundberg, & Adolfsson, 2003). Season of birth is also significantly 
associated with affective temperament scores such as hyperthymic, cyclothymic, 
irritable, and depressive temperaments (Rihmer et al., 2011a).  
In addition, a relationship between season of birth and the ‘Big Five’ 
personality traits (neuroticism, extraversion, openness, conscientiousness, and 
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agreeableness) has also been observed. Subjects born during winter scored 
significantly lower on agreeableness than subjects born in other months of the year 
(Tochigi et al., 2004). Lower conscientiousness scores in summer-born males were 
found in another study (Tonetti, Fabbri, & Natale, 2009). A relationship between 
month of birth and introversion–extraversion was reported; individuals who were 
born in autumn and winter seemed to be more extraverted (Chichilenko & Barbarash, 
2001; Forlano & Ehrlich, 1941). Studies on neuroticism and season of birth have 
shown inconsistent findings, which vary in accordance with season of birth, age and 
gender. Forlano and Ehrlich (1941) found that individuals born during colder seasons 
scored lower on neuroticism, whereas Gupta (1992) found that summer-born people 
had higher scores on the neuroticism scale. Another study reported that winter-born 
young adults scored significantly higher on neuroticism than those born during 
autumn, and that winter or summer-born females scored significantly higher on 
neuroticism than those born in spring (Chichilenko & Barbarash, 2001).  
The reward dependence trait has also shown an association with season of 
birth, but with inconsistent results. Finnish men who were born during spring had 
significantly lower reward dependence scores compared to autumn-born men 
(Chotai, et al., 2009), while higher reward dependence scores in December-born 
Swedish people were found in another study (Chotai, et al., 2001). 
With regards to feeling lucky, a British study showed that summer-born people 
had higher level of belief in good luck, compared to winter-born people (Chotai & 
Wiseman, 2005).  
Many studies also identified significant differences in the school performance 
of children born in different seasons (Hutchison & Sharp, 1999; Martin, Foels, 
Clanton, & Moon, 2004; Menet, Eakin, Stuart, & Rafferty, 2000). 
30 Literature review 
  
A potential biological mechanism for season of birth effects on psychological 
state is the seasonal variation in neurochemical levels, which may be related to 
changes in the amount of UV exposure (Chotai & Adolfsson, 2002; Chotai, Murphy, 
& Constantino, 2006; Chotai, Serretti, Lattuada, Lorenzi, & Lilli, 2003; Praschak-
Rieder, Willeit, Wilson, Houle, & Meyer, 2008). The link between neurochemical 
profile and temperament has been discussed previously in this chapter.  
2.4 ULTRAVIOLET RADIATION EXPOSURE AND PSYCHOLOGICAL 
ASPECTS 
There is limited evidence for the association between ultraviolet radiation (UV) 
exposure and aspects of psychology. Several consistently replicated studies have 
shown strong association between UV radiation and multiple sclerosis distribution, 
with an increase in risk for multiple sclerosis in those areas with low UV (Beretich & 
Beretich, 2009; Disanto, et al., 2012). Increased higher sun exposure through outdoor 
activities during summer in early life has been associated with decreased risk of 
multiple sclerosis (Kampman, Wilsgaard, & Mellgren, 2007). Moreover, there was a 
negative association between mortality from multiple sclerosis and residential 
exposure to the sun (Freedman, Dosemeci, & Alavanja, 2000). A study in Australia 
has shown that low average daily levels of ambient UV radiation exposure during the 
first trimester is associated an increased risk of developing multiple sclerosis in 
offspring (Staples, Ponsonby, & Lim, 2010).  
2.5 SUN EXPOSURE AND VITAMIN D FOR A HEALTHY BRAIN  
The concept that adult health and disease can be determined in utero and early-
life was first introduced two decades ago by Barker’s hypothesis, called the “foetal 
origins of adult disease hypothesis”, when he showed a correlation between foetal 
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malnutrition in mid- to late-pregnancy and coronary heart disease in later life 
(Barker, 2004). This theory, now known as the “developmental origins of health and 
disease”, proposes that foetal adverse influences can result in permanent 
developmental alterations, which result in increased risk of both short and long-term 
disorders in later life (Barker, 2004), including child mental health disorders 
(Swanson & Wadhwa, 2008; Wadhwa, Buss, Entringer, & Swanson, 2009). 
In this section, the evidence for pre-programming of disease in later life in 
relation to solar radiation, vitamin D, and the foetal brain development are explored. 
2.5.1 Vitamin D production and vitamin D levels for good health  
The name “vitamin D” can be used to represent vitamin D2 or vitamin D3. 
Vitamin D2 (ergocalciferol) is formed through ultraviolet radiation of the plant 
steroid ergosterol, whereas vitamin D3 (cholecalciferol) is formed through sunlight 
action on 7-dehydrocholesterol (7-DHC) in the skin, or is found in foods such as fish, 
meat, eggs, milk, and fortified foods (Nowson et al., 2004). Cutaneous vitamin D 
produced in human skin under normal conditions can supply most of the vitamin D 
requirements to the body (Glerup et al., 2000). Exposure of the skin to solar 
ultraviolet B (UVB, in the wavelength range from 290 nm to 315 nm) causes 
photolytic conversion of 7-DHC in the epidermis to previtamin D3. Once formed, 
previtamin D3 exists in two conformeric forms – cis, cis (czc) and cis, trans (czt), 
then undergoes a thermal isomerisation process to vitamin D3 (Holick, 2007). This 
process is completed within three days and is influenced by skin temperature. In the 
human body, vitamin D is metabolised in the liver to 25-hydroxyvitamin D3 
(25(OH)D), the concentration of which is commonly used as a measure of vitamin D 
status. Subsequently, 25-hydroxyvitamin D3 is metabolised in the kidneys to form the 
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biologically active calcitriol, 1α,25-dihydroxyvitamin D3 (1,25(OH)2D) (Holick, 
2007). 
It has long been thought that the primary biological function of vitamin D, 
through the action of the vitamin D hormone, 1,25(OH)2D, together with other 
endocrine hormones, is the formation and maintenance of a healthy mineral skeleton 
(DeLuca & Zierold, 1998). Over recent years, new functions of vitamin D and its 
metabolites have been discovered, and vitamin D is now also known to be involved 
in immunomodulation, in the regulation of cell growth, and in improving cell 
differentiation (Ponsonby, Lucas, Lewis, & Halliday, 2010).  
The production of vitamin D in the skin depends on a number of biological 
factors such as: aging, skin pigmentation, amount of body fat, the extent of skin 
exposed to UVB radiation (clothing, topical sunscreen), and sun-avoidance 
behaviour (Holick, 1995b; Kimlin et al., 2014; Webb, 2006b). Because melanin 
absorbs UVB radiation, increased skin pigmentation may reduce epidermal vitamin 
D production (Clemens, Adams, Henderson, & Holick, 1982). There is also strong 
evidence of an association between cutaneous vitamin D synthesis and 
environmental factors such as thickness of the ozone layer, daily and seasonal cycles 
at different geographical latitudes, cloud cover, surface reflection, altitude, and the 
levels of surface pollutants (Diffey, 1991).  
Seasonal and geographical factors influence serum 25(OH)D levels in the 
general population, with levels mostly lower in winter, compared with summer, and 
generally lower at high latitude areas compared with low latitude areas (Holick, 
1995a; McLaughlin et al., 1974; Webb, Kline, & Holick, 1988).  
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While the stratospheric ozone layer efficiently absorbs about 90% of solar 
UVR, and thus plays a major role in preventing UVR-related diseases (Lucas & 
Ponsonby, 2002), any increase of troposphere ozone (from increasing air pollution) is 
likely to reduce the number of UVB photons reaching the Earth’s surface, and affect 
vitamin D synthesis (Calabrese, 1979; Manicourt & Devogelaer, 2008). Agarwal et 
al. (2002) found that children living in an urban area of India with high levels of air 
pollution had significantly lower serum 25(OH)D concentrations compared with 
those living in the less polluted area. A similar study also showed the impact of 
increasing air pollution on lowering the vitamin D status of healthy postmenopausal 
Belgian women (Hosseinpanah et al., 2010). In addition, the production of vitamin D 
under the skin could be limited by clothing (Liu & Zhang, 2015; Parisi & Wilson, 
2005; Salih, 2004), and sunscreen (Webb, 2006b).  
 There is still much debate about what is considered as the optimal 
concentration of 25(OH)D for good health and the classifications that should be used 
to determine vitamin D sufficiency or deficiency. Most commonly, Vitamin D 
‘deficiency’ is defined as a serum 25(OH)D concentration of less than 25 nanomoles 
per litre (nmol/L); vitamin D ‘insufficiency’ as a serum 25(OH)D concentration of  
25 to 50 nmol/L; and vitamin D ‘sufficiency’ as a 25(OH)D concentration of 50 
nmol/L or more (Nowson & Margerison, 2002). It has recently been proposed that 
these classifications be modified, with a 25(OH)D level less than 50nmol/L to be 
considered ‘deficient’; 25(OH)D between 51 and 74 nmol/L to be considered 
‘insufficient’; and 25(OH)D of 75 nmol/L or more to be considered ‘sufficient’ 
(Bischoff-Ferrari et al., 2005; Holick, 2010). 
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2.5.2 Maternal vitamin D status during pregnancy  
The development period in utero can be considered as the period of cell 
differentiation and proliferation. The extra foetal calcium demand for the formation 
of skeleton during gestation is met by increased maternal intestinal calcium 
absorption, facilitated by increased 1,25(OH)2D concentrations (Lucas, Ponsonby, 
Pasco, & Morley, 2008). 
Many studies have suggested that there are striking seasonal and geographical 
variations in serum 25(OH)D concentration, with the lowest vitamin D levels 
generally found in winter at high latitudes (Holick, 1995b; McLaughlin, et al., 1974; 
Webb, 2006a). Due to its size, Australia has a wide range of levels of solar 
ultraviolet radiation and climate, with latitudes from 10 degrees 41 minutes south 
(Cape York, Queensland) to 43 degrees 38 minutes south (South East Cape, 
Tasmania) (Australian Bureau of Statistics, 2012). The intensity of ultraviolet 
radiation reaching the earth’s surface fluctuates seasonally between latitudes (Figure 
2.1). Insufficient vitamin D levels have been determined over latitude regions in 
Australia. In southeast Queensland (27 °S), a sun abundant area, the prevalence of 
vitamin D insufficiency has been shown to be high among healthy adults – 23% 
participants had levels ≤ 50 nmol/L (McGrath, Kimlin, Saha, Eyles, & Parisi, 2001), 
and is positively higher during winter – 32.3% between 25 nmol/L and 50 nmol/L 
(Kimlin et al., 2007a).  In a healthy Australian women population, it was reported 
that the prevalence of vitamin D insufficiency (≤ 50 nmol/L) in the winter/spring was 
40.5% in southeast Queensland (27 °S), and 67.3% in Tasmania (43 °S) (van der Mei 
et al., 2007). 
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2.5.3 Vitamin D producing UV or ‘vitamin D UV” 
The geographic location of residence of an individual can be used as a proxy 
measure of their exposure to ambient ultraviolet radiation, especially in Australia, 
with a latitude range of 10 degrees south to 43 degrees south (Figure 2.2). This proxy 
measure is commonly used in studies of the determinants of vitamin D status, and 
has been used in studies linking sun exposure and vitamin D status in pregnant 
women (Sayers, Tilling, Boucher, Noonan, & Tobias, 2009). Using a location-based 
estimate of UV exposure, van der Mei and colleagues found that, on average, for 
every degree increase in an individual’s latitude of residence, there was a clinically 
significant 1.0 nmol/L decrease in their serum 25(OH)D concentration (95% 
confidence interval, 0.7–1.3 nmol/L) (van der Mei, et al., 2007). Other researchers 
have also shown that latitude and climatology data can be used to assess the level of 
vitamin D-producing UV radiation or “vitamin D UV”, relative to erythemal UV 
(Kimlin, Olds, & Moore, 2007b). Vitamin D UV is the UV action spectrum for 
vitamin D synthesis that converts the vitamin D precursor in the epidermis (7-DHC) 
to previtamin D3 (UVB wavelengths 280–320 nm), while erythemal UV is the 
weighted UV irradiance that produces erythema or sunburn (Kimlin, et al., 2007b). 
The ratio of vitamin D UV to erythemal UV decreases with increasing latitude during 
the colder months, indicating that much more sun exposure is required to maintain 
vitamin D sufficiency in winter (Kimlin, et al., 2007b). 
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Figure 2.2 Variations of UV Index during the year for different latitudes in Australia: 
Melbourne (37.8 degrees south), Brisbane (27.5 degrees south), and Darwin (12.4 
degrees south) (Gies et al., 2004, p. 38) 
2.5.4 Vitamin D and neurological outcomes 
The role of vitamin D in the development of the brain and nervous system 
There is evidence that vitamin D and its metabolites might play an important 
role in the functioning of the nervous system and the brain. Vitamin D metabolites 
such as 25(OH)D, 24,25(OH)2D and 1,25(OH)2D can transfer from plasma to human 
Chapter 3: Literature review 37 
 
cerebrospinal fluid (Balabanova et al., 1984), and can cross the blood brain barrier in 
rat brains (Pardridge, Sakiyama, & Coty, 1985).  
Recent experimental studies have uncovered an essential role of 1,25(OH)2D in 
the migration, survival and differentiation of developing neurons via regulating glial 
derived neurotrophic factor and nerve growth factor in the brain (Kesby, Eyles, 
Burne, & McGrath, 2011). 1,25(OH)2D can bind the vitamin D receptor (VDR), a 
member of the nuclear hormone receptor superfamily, that is involved in many 
functional domains such as ligand binding, translocation, phosphorylation, DNA 
binding, and transcriptional activation (Pike, Meyer, & Lee, 2011). The vitamin D 
receptor, the enzyme 25-hydroxyvitamin D-1-α-hydroxylase (the enzyme 
responsible for conversion of 25(OH)D to 1,25(OH)2D) and the enzyme vitamin D-
24-hydroxylase (the inactivating enzyme) have been detected in both human and 
animal brain (Eyles, Brown, Mackay-Sim, McGrath, & Feron, 2003; Eyles, Smith, 
Kinobe, Hewison, & McGrath, 2005). This suggests that the brain can locally either 
synthesise or inactivate 1,25(OH)2D (Kesby, et al., 2011). In rat embryos, the VDR 
appears from day 12 of gestation in the neural epithelium, dorsal root ganglia and 
differentiating fields of the brain (Veenstra et al., 1998). The VDR has also been 
detected by in situ hybridisation throughout the adult rat brain, prominently within 
the sensory, motor, and limbic systems (Prüfer, Veenstra, Jirikowski, & Kumar, 
1999). 
Vitamin D and neurological outcomes 
Animal experimental studies have provided evidence of the impact of 
developmental vitamin D depletion on neurological alterations. Prenatal vitamin D 
deficiency may cause changes in neonatal rat brain including brain morphology (e.g., 
the size and shape of the brain, the number of mitotic and apoptotic cells); and may 
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alter the cellular proliferation and the expression of nerve growth factors (Eyles, et 
al., 2003). It has been suggested that these alterations might influence behavioural 
outcomes in the offspring (O'Loan et al., 2007) 
Epidemiological studies have also indicated that an association between 
vitamin D deficiency and neurological diseases. It has been speculated that infantile 
autism is more common at higher latitudes or polluted areas due to a decreased 
maternal concentration of vitamin D (Bakare, Munir, & Kinney, 2011). Furthermore, 
low prenatal vitamin D has been proposed as a potential risk factor for schizophrenia 
later in life. In high latitude areas, people born in winter and spring may have a 
higher risk of developing schizophrenia in later life (Davies, et al., 2003). This has 
been linked to the recognised general seasonal decrease in maternal vitamin D 
concentration in winter. Amato and colleagues have shown an association between 
vitamin D-related genes, latitude-related genes, and genes involved in schizophrenia 
(Amato, Pinelli, Monticelli, Miele, & Cocozza, 2010).  
Vitamin D in utero and personality 
There is a possible link between developmental vitamin D concentrations in 
utero with personality in later life. Dopamine receptor (DRD4) genotypes have been 
found to be associated with personality and behaviour (Auerbach, Faroy, Ebstein, 
Kahana, & Levine, 2001; De Luca et al., 2001; Ebstein et al., 1996; Golimbet, 
Alfimova, Gritsenko, & Ebstein, 2007; Sheese, et al., 2007). 1,25(OH)2D may be 
involved in the production of tyrosine hydroxylase enzyme which is important for 
the synthesis of dopamine (Eyles, Burne, & McGrath, 2012). In human brains the 
vitamin D receptor (VDR) has also been detected in a dopamine-rich region (Eyles et 
al., 2009). In rats, the receptor appears in the brain from day 12 of gestation 
(Veenstra, et al., 1998). This is the peak period for the formation of most dopamine 
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neurons (Gates, Torres, White, Fricker-Gates, & Dunnett, 2006). It has been shown 
that treatment with 1,25(OH)2D in rats with altered dopamine neurons leads to an 
increase in glial derived neurotrophic factor, which is an important modulator of 
dopamine neuron development, survival and function in the brain (Kesby, et al., 
2011). There is also evidence that developmental vitamin D depletion may impact on 
the ontogeny of dopamine systems (Eyles, Burne, & McGrath, 2011). Developmental 
vitamin D deficiency, which alters dopamine transporter function, has been 
associated with behavioural issues in neonatal rats (Kesby et al., 2009; Kesby et al., 
2010; Kesby, et al., 2011). 
2.6 GAPS IN KNOWLEDGE 
The literature review shows how exposure to ambient UV radiation can impact 
on maternal vitamin D status, which in turn can influence the development of 
neurological and psychological characteristics in offspring. Gestational vitamin D 
deficiency may impact on brain development in utero, increasing the risk of 
neurological and psychiatric disorders later in life. In Australia, many studies have 
shown that vitamin D deficiency is common in the population during the winter 
months, and is positively associated with increasing latitude. However, there has 
been little research, if any, into the association between prenatal exposure to a severe 
or sub-optimal environment in utero and temperament and behaviour dimensions in 
children. 
This study will contribute a further cross-discipline understanding of the effect 
of prenatal environmental factors (especially exposure to UV radiation) on children’s 
temperament and behaviour by assessing large-scale longitudinal cohort of 
Australian children. 
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2.7 CURRENT PROJECT’S ROLE IN ADDRESSING RESEARCH NEEDS 
This chapter has discussed temperament’s definition and structure; as well as 
biological and social factors that are related to temperament. Biology and 
environment factors have both been demonstrated to account for the development of 
temperament. There have been some conflicting findings so far, but they might be 
largely due to differences in study design, location, populations, and the instruments 
used. The environmental factors (e.g. season of birth) which have been found to be 
associated with temperament in adults have been presumed as being related to 
ultraviolet radiation exposure and vitamin D levels during pregnancy. It is uncertain 
to what extent season of birth and maternal UV exposure influence foetal 
development, and children subsequent temperament and behaviour characteristics. 
2.8 AIM AND OBJECTIVES  
2.8.1 Aim  
The aim of this project was to identify the nature of any associations between 
location and season of birth, UV exposure during pregnancy, temperament, and 
behaviour in childhood. The child data were drawn from the study: Growing up in 
Australia: The Longitudinal Study of Australian Children, conducted in partnership 
between the Department of Social Services, the Australian Institute of Family 
Studies, and the Australian Bureau of Statistics. Data in regards to seasonal UV 
exposure were drawn from the AusUV Exposures database, conducted by AusSun 
Research Lab, Queensland University of Technology. 
2.8.2 Objectives 
The specific objectives of this project were: 
Chapter 3: Literature review 41 
 
1. Objective 1: To identify the association between location and season of birth, 
temperament, and behaviour in children aged 4–5 years old within the LSAC 
Kindergarten cohort. 
2. Objective 2: To test the association between location and season of birth, 
temperament, and behaviour in children aged 4–5 years old within the LSAC 
Birth cohort. 
3. Objective 3: To identify the association between total UV exposure during 
pregnancy, temperament, and behaviour in children aged 4–5 years old within 
the LSAC Kindergarten cohort. 
4. Objective 4: To test the association between total UV exposure during 
pregnancy, temperament, and behaviour in children aged 4–5 years old within 
the LSAC Birth cohort.
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Chapter 3: Study design and methodology  
This study is a secondary analysis of data obtained from Growing Up in 
Australia, the Longitudinal Study of Australian Children (LSAC), and the AusUV 
Exposures data. The LSAC provided information on children’s season of birth as 
well as temperament and behaviour outcomes and other covariates, while the AusUV 
Exposure data provided total solar ultraviolet exposure during pregnancy as the key 
independent predictor. This chapter addresses the study design, dependent and 
independent variables, and data analysis. 
3.1 STUDY DESIGN  
Data on children’s temperament and behaviour were drawn from Growing up 
in Australia: the Longitudinal Study of Australian Children (LSAC) (N = 10,090). 
The LSAC started in 2004 as a partnership between the Department of Social 
Services, the Australian Institute of Family Studies and the Australian Bureau of 
Statistics as part of the Australian Government’s Stronger Families and Communities 
Strategy (Soloff, Lawrence, & Johnstone, 2005). Under organisational licensing 
arrangements, Queensland University of Technology (QUT) has signed an 
Organisational Deed of Licence for accessing to the LSAC data sets. QUT staff and 
research students must sign a shorter Deed of Confidentiality to access the data. The 
methods of data collection have been described in detail previously (Soloff, et al., 
2005), and the key aspects of data collection for this study are described below. 
LSAC is the first comprehensive nationwide Australian longitudinal dataset on 
children as they grow up. The study included two cross-sequential cohorts. The first 
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cohort, called the Birth cohort, consists of 5,107 children born from March 2003 to 
February 2004 (aged 3–17 months at the first wave of data collection). The second 
cohort, called the Kindergarten cohort, consists of 4,983 children born from March 
1999 to February 2000 (aged 4–5 years at the first wave). The informants included 
parents, child care providers, teachers and the children themselves. LSAC 
incorporate a wide range of data collection techniques such as face-to-face 
interviews, self-completed questionnaires, and observational and direct assessments, 
either separately or in combination with each other. Data were collected with the 
purpose of addressing questions related to children’s health and wellbeing, as well as 
family and community characteristics. 
The LSAC sampling frame was carefully chosen from the Medicare Enrolment 
Database held by the Health Insurance Commission, to ensure that it represented 
children from all parts of Australia (Soloff, et al., 2005). A two-stage clustered 
design was used to select participants. Firstly, 311 Australian postcodes covering 
latitudes from 12 to 43 degrees south were selected. Any postcodes with too few 
active children or those from very remote regions were excluded. Only one child per 
family was selected. Approximately 40 infants and children per postcode were 
chosen randomly in the larger states and 20 infants and children per postcode in the 
smaller states and territories (Soloff, et al., 2005).  
Since 2004, LSAC has produced a number of comprehensive datasets (data 
waves) every two year from each of the two cohorts (Table 3.1). The child’s primary 
parent who is the key respondent of the study was interviewed face-to-face in the 
home with a trained LSAC interviewer. Approximately 99% of primary respondents 
were the children’s mothers. After each interview, both primary and secondary 
respondents completed a self-report questionnaire. Mail-out questionnaires from the 
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child’s care providers, preschool and primary school teachers were also collected. 
Beside the main biennial data collection, mailed questionnaires were also sent to 
informants between waves. Other child-related data were also collected from the 
National Childcare Accreditation Council, Medicare Australia, the Australian Bureau 
of Statistics, and the National Assessment Program Literacy and Numeracy (Soloff, 
et al., 2005). 
Several useful temperament and behaviour measures are available for most 
waves for both LSAC cohorts. These measures include the Goodman measure of 
behaviour problems, which is called the Strengths and Difficulties Questionnaire 
(SDQ – including scales of SDQ Prosocial, SDQ Hyperactivity, SDQ Emotionality, 
SDQ Peer Problems, and SDQ Conduct Problems) (Goodman, 1997), which asks the 
respondent to indicate the frequency of the occurrence of a long list of troubling or 
pathology related measures. Infant and toddler’s temperament were measured using 
the Short Temperament Scale for Toddlers (STST), revised by Australian 
Temperament Project 1983–2000 (Prior, et al., 2000). The Brief Infant-Toddler 
Socio-Emotional Adjustment scale (BITSEA) (Briggs-Gowan, et al., 2004) was used 
to investigate children’s behavioural problems, and was completed by both parent 
and teacher/carer. Paediatric Quality of Life Inventory (PEDSQL) was also 
measured. For the older cohort, the School-Age Temperament Inventory (SATI – 
with loadings from SATI Reactivity, SATI Persistence, and SATI Introversion) 
(McClowry, et al., 2008) assessed a wide range of temperament measurements via 
parents, teachers, and study child’s self-report.
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Table 3.1 LSAC’s cohorts, Waves 1–8 (Source: Australian Institute of Family 
Studies, 2011) 
Cohort Wave 1 
Wave 
2 
Wave 
3 
Wave 
4 
Wave 
5 
Wave 
6 
Wave 
7 
Wave 
8 
Year 2004 2006 2008 2010 2012 2014 2016 2018 
Birth cohort 
aged 
0–1 
years 
aged 
2–3 
years 
aged 
4–5 
years 
aged 
6–7 
years 
aged 
8–9 
years 
aged 
10–11 
years 
aged 
12–13 
years 
aged 
14–15 
years 
Kindergarten 
cohort 
aged 
4–5 
years 
aged 
6–7 
years 
aged 
8–9 
years 
aged 
10–11 
years 
aged 
12–13 
years 
aged 
14–15 
years 
aged 
16–17 
years 
aged 
18–19 
years 
 
LSAC is currently being used in many projects as a resource to explore the 
development and wellbeing of children and families from all parts of Australia. For 
instance, Nicholson and colleagues investigated childhood health inequalities across 
10 physical and developmental health outcomes from Waves 1 and 2 of LSAC 
(Nicholson, Lucas, Berthelsen, & Wake, 2010). A relationship between BMI and 
mental health problems and health-related quality of life were found among 
Australian children using the LSAC data (Sawyer, Harchak, Wake, & Lynch, 2011). 
The LSAC dataset was also used to uncover gaps in health services use and the key 
risk factors in infants from non-English speaking backgrounds, compared with those 
from English speaking backgrounds living in Australia (Ou, Chen, & Hillman, 2010). 
Researchers have also used LSAC to examine how the prevalence of food allergy, 
eczema, and asthma varies by latitude in Australia (Osborne, Ukoumunne, Wake, & 
Allen, 2012). 
For the current project, the choice of cohorts and waves of measurement was 
guided by the following considerations: 
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1. The first waves of LSAC data were chosen because the cohort sizes got 
smaller in all longitudinal samples with successive waves of data due to 
drop-out. Sample sizes were largest at Wave 1 for both Birth and 
Kindergarten cohorts. Response rates for LSAC are shown in Table 3.2 
below: 
Table 3.2 LSAC’s cohort – Response rates 
 Birth cohort  Kindergarten cohort 
 n (%) n (%) 
Wave 1 0–1 years old 
5,107 (100%) 
4–5 years old 
4,983 (100%) 
Wave 2 2–3 years old 
4,606 (90%) 
6–7 years old 
4,464 (90%) 
Wave 3 4–5 years old 
4,386 (86%) 
8–9 years old 
4,331 (87%) 
Wave 4 
6–7 years old 
4,242 (82%) 
10–11 years old 
4,164 (84%) 
2. Because Wave 1 of the Kindergarten cohort included both parent and 
teacher’s observations of the behavioural screening questionnaire (the 
Strengths and Difficulties Questionnaire) and as parent-rated temperament 
variables had adequate sample sizes, our preference was to first determine 
the seasonal pattern and the association between total UV exposures 
during pregnancy in this wave of the Kindergarten cohort. This would also 
mean that Wave 3 of the Birth cohort would then be available to confirm 
findings, with the advantage that they would be in the same age range as 
Wave 1 of the Kindergarten cohort. 
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Sample selection for The Kindergarten and Birth cohorts 
The focus of this study was to examine the association between season and 
location of birth and gestational ultraviolet exposure and temperament and behaviour 
outcomes in Australian children based on their mother and teacher’s reports; 
therefore, some exclusion decisions were made:  
• The child must be born in Australia and did not change location of 
residence between birth and time of the interview.  
• Any temperament and behaviour measurements from a male primary parent 
or a non-biological mother were excluded from the sample in order to 
minimize the confounding factor of parent gender. 
• Adopted/fostered children, born overseas, were also excluded.  
For the current study, the source population was 4,565 Australian-born children 
from the Wave 1 of the LSAC Kindergarten cohort (aged 4 to 5 in 2004–2005) 
(Flowchart 3.1). A total of 4,192 children who met the inclusion criteria were also 
selected from the Wave 3 of the LSAC Birth cohort (aged 4 to 5 in 2008–2009) 
(Flowchart 3.2). 
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Flowchart 3.1 Sample selection for the Kindergarten cohort, Wave 1, LSAC study 
 
 
 
Biological parents? 
 
Non-biological parents 
17 (0.4%) 
 
No 
4,700 (99.6%) 
Yes 
Male or female Parent 1? 
Female Parent 1  
4,565 (97.1%) 
 
Male Parent 1 
135 (2.9%) 
 
LSAC Kindergarten 
Cohort Wave 1 
N = 4,983 
Australian born 
4,772 (95.8%) 
Non-Australian born 
211 (4.2%) 
 
Change in postcode? 
No 
4,717 (98.8%) 
Change in postcode 
55 (1.2%) 
 
Yes 
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Flowchart 3.2 Sample selection for the Birth cohort, Wave 3, LSAC study 
 
 
Biological parents? 
 
Non-biological 
parents 
10 (0.2%) 
 
No 
4,268 (99.8%) 
Yes 
Male or female 
Parent 1? 
Female Parent 1 
4,192 (98.2%) 
 
Male Parent 1 
76 (1.8%) 
 
LSAC Birth Cohort 
Wave 3 
N = 4,386 
Australian born 
4,370 (99.6%) 
Non-Australian born 
16 (0.4%) 
 
Change in postcode? 
No 
4,278 (97.9%) 
Change in postcode 
92 (2.1%) 
 
Yes 
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3.1.1 Behaviour-related variables – the Strengths and Difficulties Questionnaire 
(SDQ) and the Paediatric Quality of Life Inventory (PEDSQL 4.0) 
LSAC used the Strengths and Difficulties Questionnaire (SDQ), which is 
widely used by clinicians and researchers to measure behavioural and emotional 
problems in children. For children aged 4–16 years the SDQ can be completed by 
parents and teachers (Goodman, 1997). The SDQ has 25 psychological negative and 
positive items divided between 5 scales: Prosocial behaviour, Hyperactivity, 
Emotional symptoms, Conduct problems, and Peer problems (Goodman, 1997). 
Parents and teachers were asked to describe the child’s behaviour in the previous six 
months on a 3-point Likert scale 1 = “Not true”, 2 = “Somewhat true”, 3 = “Certainly 
true” (Goodman, 1997). Each subscale’s score was calculated by the mean of 5 
relevant items rescaled to be an integer between 0 and 10, where fewer than 3 
component items were missing (Goodman, 1997). The items with negative 
statements were reverse coded when calculating scores. The Total Difficulties Score, 
which ranged from 0 to 40, was the sum of the scores from all the scales except 
Prosocial behaviour (Goodman, 1997). Children having higher scores are more likely 
to have behavioural problems, with the exception of Prosocial behaviour. The SDQ 
has been reported to have satisfactory reliability and validity in all informant groups 
(Goodman & Goodman, 2009). 
• Parent 1/Teacher – SDQ Prosocial Behaviour Scale: This is a measure of 
empathy and considerate behaviour toward others, and consists of 5 items:  
“Considerate of other people’s feelings”; “Shares readily with other 
children (treats, toys, pencils, etc)”; “Helpful if someone is hurt, upset or 
feeling ill”; “Kind to younger children”; and “Often volunteers to help 
others (parents, teachers, other children)”. These items are rated 1= “Not 
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true”; 2 = “Somewhat true”; 3 = “Certainly true”. The mean of the 5 items 
is used as a summary score (Goodman, 1997). 
• Parent 1/Teacher – SDQ Hyperactivity Scale: This is a measure of the 
child’s inability to self-regulate gross-motor activity, and attention. This 
scale is the mean of 5 items: “Restless, overactive, cannot stay still for 
long”; “Constantly fidgeting or squirming”; “Easily distracted, 
concentration wanders”; “Thinks things out before acting”; and “Sees 
tasks through to the end, good attention span”. These items are rated 1= 
“Not true”; 2 = “Somewhat true”; 3 = “Certainly true” (Goodman, 1997). 
• Parent 1/Teacher – SDQ Emotional Symptoms Scale: This is a measure of 
worry and anxiety, and consists of 5 items: “Often complains of 
headaches, stomach-ache or sickness”; “Many worries, often seems 
worried”; “Often unhappy, down-hearted or tearful”; “Nervous or clingy in 
new situations, easily loses confidence”; and “Many fears, easily scared”. 
These items are rated 1= “Not true”; 2 = “Somewhat true”; 3 = “Certainly 
true” (Goodman, 1997). 
• Parent 1/Teacher – SDQ Conduct Problems Scale: This is a measure of the 
child’s aggressive tendencies, tendencies to be antagonistic, and tendencies 
not to obey. It consists of 5 items: “Often has temper tantrums or hot 
tempers”; “Generally obedient, usually does what adults request”; “Often 
fights with other children or bullies them”; “Often lies or cheats”; and 
“Steals from home, school or elsewhere”. These items are rated 1= “Not 
true”; 2 = “Somewhat true”; 3 = “Certainly true” (Goodman, 1997). 
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• Parent 1/Teacher – SDQ Peer Relationship Problems Scale: This measure 
includes 5 items: “Rather solitary, tends to play alone”; “Has at least one 
good friend”; “Generally liked by other children”; “Picked on or bullied by 
other children”; and “Gets on better with adults than with other children”. 
These items are rated 1= “Not true”; 2 = “Somewhat true”; 3 = “Certainly 
true” (Goodman, 1997). 
The Paediatric Quality of Life Inventory (PEDSQL 4.0) is a multidimensional 
validated construct, designed to measure the physical, psychological (including 
emotional and social functioning), and school functioning dimensions (Varni, Seid, 
& Rode, 1999). In LSAC, The PEDSQL Psychosocial Health was measured by 
Parent 1 self-complete questionnaire. This measure include 12 items: “Feeling afraid 
or scared”; “Feeling angry”; “Trouble sleeping”; “Worrying”; “Has a problem with 
playing with other children”; “Other children not wanting to play with”; “Getting 
teased by other children”; “Not able to do things that other children his or her age 
can do”; “Has a problem with keeping up when playing with other children”, “Has 
problem with doing the same activities as the other children”; “Missing days because 
of not feeling well”; “Missing days to go to the doctor or hospital”. These items are 
rated: 1 = “Never”; 2 = “Almost never”; 3 = “Sometimes”; 4 = “Often”; 5 = “Almost 
always”. All items are then recoded so that 1 = 100, 2 = 75, 3 = 50, 4 = 25, and 5 = 0. 
The mean of all items generates the PEDSQL Psychosocial Health scores between 
from 0 and 100. Higher score represents better behavioural outcome (Varni, et al., 
1999). 
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3.1.2 Temperament-related variables – the Short Temperament Scale for 
Toddlers (STST) 
The Short Temperament Scale for Toddlers (STST) includes a total of 12 
items and three subscales: Sociability, Persistence, and Reactivity Scales 
(Prior, et al., 2000). On the STST items, parents rated their children’s 
temperament on a 6-point Likert scale: 1 = “Almost never”; 2 = “Not often”; 3 
= “Variable, usually does not”; 4 = “Variable, usually does”; 5 = “Frequently”; 
6 = “Almost always”.  
• P1 – Sociability scale: This scale has four items: “This child is 
shy with strange adults”; “This child is shy when first meeting 
new children”; “When in a park or visiting, this child will go up 
to strange children and join in their play”; “When unknown adults 
visit our home, this child is immediately friendly and approaches 
them”. The scores of first two items on this scale were reverse 
coded in order that higher scores reflected a higher degree of 
being sociable (Prior, et al., 2000). 
• P1 – Persistence scale: This scale “When this child starts a project 
such as a puzzle or model, he/she works on it without stopping 
until it is completed, even if it takes a long time”; “This child 
likes to complete one task or activity before going onto the next”; 
“This child stays with an activity (e.g. puzzle, construction, kit, 
reading) for a long time”; “When a toy or game is difficult, this 
child quickly turns to another activity”. This scale measures the 
degree of persistence a child displays in completing tasks or 
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activities. The score of last item were reverse coded in order that 
higher scores indicated of better state of persistence a child 
displays in completing tasks or activities (Prior, et al., 2000). 
• P1 – Reactivity scale: This scale includes four items: “If this child 
wants a toy or sweet while shopping, he/she will easily accept 
something else instead”; “When this child is angry about 
something, it is difficult to side-track him/her.”; “When shopping 
together, if I do not buy what this child wants (e.g. sweets, 
clothing), he/she cries and yells”; “If this child is upset, it is hard 
to comfort him/her”. The score of first item was reverse coded in 
order that higher scores indicated a higher degree of negative 
reactivity a child exhibits (Prior, et al., 2000). 
3.1.3 The AusUV Exposure data 
Data on ultraviolet radiation (UV) measurements were taken from the AusUV 
exposure database, which was created by the AusSun Research Lab, Queensland 
University of Technology, Australia. The PhD candidate had the permission for data 
access from Director of AusSun Research Lab, Professor Michael Kimlin. 
This database consisted of modelled spectral UV irradiances over Australia 
between 1979 and 2005. The database was used for studying the health risks and 
benefits effects of UV exposure in the Australian population. A radiative transfer 
model, LibRadTran, was used with atmospheric output data from NASA satellites to 
create over 132 million raw terrestrial spectral UV irradiances, and subsequent 
creation of 6 secondary datasets. A radiative transfer model starts with the extra-
terrestrial solar irradiance and estimates the terrestrial irradiance over a particular 
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wavelength range given certain atmospheric conditions. Since the terrestrial 
irradiance is not measured over every single location on Earth, such models are 
necessary and have been proven to be quite accurate when provided with sufficiently 
precise atmospheric conditions. These datasets were then checked and collected into 
an accessible database to ease further study.  
The AusUV Exposures database has six ambient UV irradiance datasets 
(Joules/m2) including unweighted UV, unweighted UV with clouds, erythemal UV, 
erythemal UV with clouds, vitamin D UV, and vitamin D UV with clouds. Vitamin 
D UV is the UV action spectrum for vitamin D synthesis that converts the vitamin D 
precursor in epidermis (7-DHC) to previtamin D, while erythemal UV is the 
weighted UV irradiances that produce erythema or sunburn. Examples of unweighted 
UV and vitamin D UV can be seen in Figure 3.1. 
This dataset can be combined with public health epidemiological records to 
study the effects of long-term erythemal UV and vitamin D UV exposures, including 
the geographical distributions of these effects and their relationship with the local 
UV climatology. 
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Figure 3.1 Unweighted UV and Vitamin D UV in Darwin, Brisbane, and Melbourne 
for the year 2000 (Data downloaded from AusUV Exposure Database)  
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The AusUV Exposures database has been stored in a MySQL database by the 
AusSun Research Lab. SQL is used to build database objects and it is also used to 
query and manipulate both these objects and the data they may contain. The SQL 
query below was used to extract the daily UV exposure data: 
select date,  
from ausuv_exp 
where date >= ‘Year-Month-Date’ 
and date < ‘Year-Month-Date’ 
and ((latitude = A and longitude = B) or (latitude = A and longitude = B )); 
 
The original UV data were downloaded into Excel spreadsheets.  Then they were 
checked for missing values. Missing UV data was predicted using a model that 
contained: 
• Longitude, latitude and latitude squared to model the spatial pattern 
• Day of the year (using a sinusoid) to model the seasonal pattern 
• UV exposure without clouds 
The linear regression below is for predicting UV for Vitamin D synthesis adjusted 
with clouds data: 
lm(formula = vit_cld_exp ~ uv_exp + latitude + longitude + latitude squared + cosw 
+ sinw, data = uv) 
The daily UV data then were linked with the LSAC data by postcode using the R 
Programme (www.r-project.org) for further analyses. The total gestational UV 
exposure levels were calculated based on the daily UV exposure data, the number 
weeks of gestation, and day of birth. 
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3.1.4 Framework  
The possible relationships between potential predictors, outcomes, and covariates are shown in Figure 3.2. 
 
 
 
 
 
 
Figure 3.2 The framework for investigating associations between predictors, outcomes, and covariates 
Mother’s age 
Ethnicity Mother’s 
depression 
TEMPERAMENT 
Child’s gender 
Child’s age 
Socio-economic 
status 
Maternal 
smoking and 
drinking  
Latitude UV exposure during 
pregnancy 
Season of birth 
Parental 
warmth 
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3.2 DATA ANALYSES  
3.2.1 Data cleaning and statistical assumptions 
All variables in the dataset were checked for errors using tools provided by the 
SPSS software. Categorical variables were checked for errors by examining the 
frequencies of each variable, with specific emphasis placed on checking the 
minimum and maximum of values outside of the possible value range, and the 
number of valid and missing cases. Continuous variables were also checked for 
abnormal minimum and maximum values and the mean score and standard deviation 
were also checked. 
Summary descriptive statistics of frequency, measures of central tendency 
(mean and median), and dispersion (standard deviation and range) were reported for 
continuous variables, and number (n) and percentages (%) were reported for 
categorical variables. As the sample size was greater than 100, percentages were 
reported to one decimal place according to guidelines adopted from Lang and Secic 
(Lang & Secic, 1997). All summary statistics (mean, standard deviation, median, 
range) were reported to one decimal point. 95% Confidence Intervals (95% CI), 
coefficients and p-values were reported to two decimal places. The exception to this 
rule was when the p-value was less than 0.005, in which case it was reported to three 
decimal places; and when the p-value was less than 0.001, it was reported as p < 
0.001. Seasonal amplitudes and change with latitudes were reported to three decimal 
places. Missing values were managed by excluding all the data on those people for 
the specific analysis using that variable. 
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3.2.2 Descriptive analyses  
Descriptive approaches were used to explore the characteristics of the study of 
children and mothers, including child’s gender, child’s age, ethnicity, mother’s age, 
mother’s education and working status, mother’s depression, and child’s 
temperament and behavioural measures such as the STST, the SDQ, and the 
PEDSQL scales. The demographic characteristics at Wave 1 of the Kindergarten and 
Wave 3 of the Birth cohorts are presented in order to consider whether the samples 
are representative of the population. The psychometric properties of the temperament 
and behavioural scales were also examined.   
3.2.3 Association between location and season of birth and children’s 
temperament and behaviour 
A linear regression model using the Cosinor procedure was used to assess the 
association between children’s temperament and behaviour and their month of birth 
and latitude. The Cosinor analysis was developed by Halberg, Tong and Johnson 
(Halberg, Tong, & Johnson, 1967) to determine how much of the seasonal variation 
could be explained by a sinusoidal curve. The steady rise-and-fall of the sinusoidal 
functions used by the Cosinor is ideal for modelling seasonality in health data 
(Barnett & Dobson, 2010). The birth month variable t (month) was transformed as 
cos(t) and sin(t) in the Cosinor model, which were then fitted as predictors of the 
SDQ subscales in a linear regression model. Cosinor analysis assumed one seasonal 
cycle per year. The phase (peak time, the time point at which maximum values 
occur), the mesor (the mean of the fitted curve), and the amplitude of the wave form 
(the peak to mesor difference, the size of the seasonal change from the seasonal 
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mean) were estimated from the coefficients of cos(t) and sin(t). An example of the 
Cosinor curve with parameters is shown in Figure 3.3. 
 
 
Figure 3.3 The Cosinor curve with parameters 
 
As the model is a linear regression model we can control for potential 
confounders and known predictors of behaviour. Variables included in the model 
were child’s Indigenous status, child’s gender and age at interview, number of weeks 
of gestation, socio-economic status, mother’s age, mother’s depression, mother’s 
smoking and alcohol consumption during pregnancy, mother’s education, marital 
relationship status, and parental warmth. Gender was male or female. Mother-father 
relationship status was legal spouse (married) or de-facto partner. Mother’s education 
was postgraduate degree or graduate diploma/certificate or bachelor degree or 
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advanced diploma/diploma or certificate or other. Mother’s age was the mother’s 
age, in years, at the interview. Child’s age was the study child’s age in weeks at the 
interview. Mother’s depression was the measure of Kessler Psychological Distress 
Scale (K6). Gestation was the number of weeks of gestation from time of conception 
to birth. Parental warmth is a parenting dimension which represents parents’ 
affection for and awareness of their child. High parental warmth has been associated 
with better developmental outcomes in children (Bayer et al., 2011). The covariates 
were selected from a review of published research and based on their substantive 
theoretical importance, as discussed in Chapter 2.  
The dependent variables were: the Strengths and Difficulties Questionnaire 
(SDQ), the Short Temperament Scale for Toddlers (STST), and the Paediatrics 
Quality of Life Inventory (PEDSQL) Psychosocial health scales.  
To investigate if the seasonal pattern varied by latitude we also included 
interaction terms between the Cosinor and latitude at birth. The linear regression 
model using the Cosinor procedure (without additional variables) is: 
Temperament/Behaviour (time = t) = α0 + α1 cos(2pi t/P) + α2 sin(2pi t/P)  + 
α3 cos(2pi t/P) ×Ľ + α4 sin(2pi t/P) ×Ľ + e 
where behaviour is the temperament/behaviour variable; α0 is the intercept; α1, 
α3 are the cosine parameters with and without interaction with latitude; α2, α4 are the 
sine parameters with and without interaction with latitude; t is the time point; P is 
length of period; Ľ = L – 25: latitude; pi = 3.14; and e is the residual variation term. 
The subtraction of 25 makes the parameter estimates more meaningful as the average 
seasonal pattern is for 25 degrees south. 
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We plotted the seasonal pattern at latitudes of 20, 25, 30, 35, and 40 degrees. 
The amplitudes were calculated as  𝐴 = �α12 + 𝛼22 , and the phases (in months) 
were clear from the plot of the estimated seasonal pattern. 
Data were analysed using the Statistical Package for Social Sciences (SPSS) 
for Windows, version 19.0. Latitude data were merged with the LSAC data using the 
R Programme (www.r-project.org). The seasonal patterns at different latitudes were 
plotted using Microsoft Excel 2010 software. 
3.2.4 Association between total gestational UV exposure during pregnancy and 
children’s temperament and behaviour 
A general linear model was performed with each temperament and behaviour 
scale (the SDQ, the STST, and the PEDSQL) as a dependent variable; total 
gestational UV exposure adjusted with clouds as a predictor; child’s gender, child’s 
Indigenous status, mother-father relationship status, mother’s education, mother’s 
age as fixed factors; and child’s age in weeks, mother’s depression, socio-economic 
status, mother’s smoking status during pregnancy, mother’s alcohol consumption 
during pregnancy, number of weeks of gestation, and parental warmth as covariates. 
The multiple variable equation is: 
Temperament/Behaviour = Total gestational UV exposure + Child’s gender + 
Child’s Indigenous status + Mother-father relationship status + Mother’s education + 
Mother’s age + Child’s age + Mother’s depression + Socio-economic status + 
Mother smoked during pregnancy + Mother consumed alcohol during pregnancy + 
Number of weeks of gestation + Parental warmth 
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The assumption of lack of multicollinearity was checked by examination of the 
variance inflation factor (VIF) and correlation matrix. As a rule of thumb, where the 
VIF values exceed 10 it is likely that the regression coefficients will be poorly 
estimated. Similarly, tolerance below 0.2 indicates a potential problem. 
A correlation matrix of all of the predictors was scanned to identify potential 
multicollinearity. Those independent variables that correlated highly with other 
variables were reviewed and, where logical, excluded from the model; or 
consideration was given to inclusion of an interaction variable. 
Multiple linear regression models were used to test how effectively gestational 
UV exposure and other covariates explained the change in mean temperament and 
behaviour scores for the study sample. For all statistical tests we applied a critical 
significance level of α = 0.05 (two-sided). 
Data were analysed using the Statistical Package for Social Sciences (SPSS) 
for Windows, version 19.0. The UV exposure data were linked with the LSAC data 
using the R Programme (www.r-project.org). 
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3.3 ETHICS AND CONFIDENTIALITY  
As confirmed by LSAC, the LSAC data analyses employed in this study were 
exempt from ethical review as LSAC had gained ethical clearance prior to all data 
collections. The Longitudinal Study of Australian Children was approved by the 
Australian Institute of Family Studies Human Research Ethics Committee. The 
license for data use for this study was obtained via a written application to the 
Commonwealth of Australia, as represented by the Department of Families, Housing, 
Community Services and Indigenous Affairs. 
Additionally, no ethical clearance was required because the datasets used had 
been confidentialised so that families could not be identified. The National Statement 
Section 5.1.22, of the University Human Research Ethics Committee 2007 page 79 
indicates that:  
“5.1.22 Institutions may choose to exempt from ethical review research that: 
(a) is negligible risk research (as defined in paragraph 2.1.7, page 18); and  
(b) involves the use of existing collections of data or records that contain only 
non-identifiable data about human beings.” 
Notwithstanding, data privacy was of the utmost concern. All documents and 
papers relating to the LSAC data were stored in a locked, steel cabinet in a secure 
room at the Queensland University of Technology (QUT). All analyses of LSAC 
data were undertaken on an authorised, password-protected computer in a lockable 
room at QUT.  
 66 
 
Chapter 4: Results – Descriptive statistics  
4.1 DEMOGRAPHIC CHARACTERISTICS OF THE SAMPLE 
The LSAC collected temperament and behavioural measurements and other 
child’s health and well-being information from the Kindergarten and Birth cohorts. 
The main informants for the study outcomes were the parent 1 (the child’s biological 
mother) and the child’s teacher. The child’s demographic and family information 
was also gathered through household interviews. 
Characteristics of the study children and their mothers are shown in Table 1. 
The LSAC Kindergarten cohort had 48.8 % girls and 51.2% boys, while the LSAC 
Birth cohort had 48.9% and 51.1%, respectively. These data are consistent with  
2006 Census data reporting that, at that time, the percentage breakdown of girls and 
boys at 4 and 5 years of age, was 48.7% and 51.3%, respectively (Australian Bureau 
of Statistics, 2006a).  
The mean age for the LSAC Kindergarten cohort was 250 weeks (SD 11 
weeks), and for the Birth cohort was 252 weeks (SD 13 weeks). 
While children were selected from all over Australia, over half were from New 
South Wales, Victoria, and Queensland. This is not surprising as the percentage of 
LSAC children selected in each of the states and territories was designed to reflect 
the percentages in the Australian population, similar to the ABS 2006 Census report. 
Most mothers were aged 25–35 years at the time of their child’s birth, and were thus 
aged 30–39 years at the time of interview. Almost two-thirds of mothers had post-
secondary school education and were employed at the time of interview. 
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Table 4.1 Demographic characteristics of the children and their mothers for the LSAC Kindergarten and Birth cohorts 
 LSAC Kindergarten cohort (n = 4,565) 
LSAC Birth cohort  
(n = 4,192) 
Characteristic n %* 95% CI n %* 95% CI 
Child’s gender  
Female 
Male 
Mother’s age at interview, years 
Under 20 
20–24  
25–29 
30–34  
35–39  
40–44  
45 and over 
Mother’s highest qualification 
Postgraduate degree 
Graduate diploma/certificate 
Bachelor degree 
Advanced diploma/diploma 
Certificate 
Other 
Mother’s working status 
Employed  
Unemployed  
 
2229 
2336 
 
1 
162 
610 
1502 
1475 
683 
132 
 
256 
284 
713 
409 
1163 
1740  
 
2630 
175 
 
48.8 
51.2 
 
0.0 
3.5 
13.4 
32.9 
32.3 
15.0 
2.9 
 
5.6 
6.2 
15.6 
9.0 
25.5 
38.1 
 
57.7 
3.8 
 
[47.4, 50.3] 
[49.7, 52.6] 
 
[0.0, 0.2] 
[3.0, 4.1] 
[12.4, 14.4] 
[31.6, 34.3] 
[31.0, 33.7] 
[14.0, 16.0] 
[2.4, 3.4] 
 
[5.0, 6.3] 
[5.6, 7.0] 
[14.6, 16.7] 
[8.2, 9.8] 
[24.2, 26.8] 
[36.7, 39.5] 
 
[56.3, 59.2] 
[3.3, 4.4] 
 
2048 
2144 
 
1 
114 
456 
1138 
1604 
723 
156 
 
329 
302 
853 
433 
1158 
1117 
 
2709 
77 
 
48.9 
51.1 
 
0.0 
2.7 
10.9 
27.1 
38.3 
17.2 
3.7 
 
7.8 
7.2 
20.3 
10.3 
27.6 
26.6 
 
64.7 
1.8 
 
[47.3, 50.4] 
[49.6, 52.7] 
 
[0.0, 0.1] 
[2.3, 3.3] 
[10.0, 11.9] 
[25.8, 28.5] 
[36.8, 39.7] 
[16.1, 18.4] 
[3.2, 4.3] 
 
[7.1, 8.7] 
[6.5, 8.0] 
[19.2, 21.6] 
[9.4, 11.3] 
[26.3, 29.0] 
[25.3, 28.0] 
 
[63.2, 66.1] 
[1.5, 2.3] 
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 LSAC Kindergarten cohort (n = 4,565) 
LSAC Birth cohort  
(n = 4,192) 
Characteristic n %* 95% CI n %* 95% CI 
Not in the labour force  1750 38.4 [37.0, 39.8] 1403 33.5 [32.1, 34.9] 
Ethnicity 
Aboriginal or Torres Strait Islander 
Mother speaks a language other than English at home 
 
173 
637 
 
3.8 
14.0 
 
[3.3, 4.4] 
[13.0, 15.0] 
 
140 
555 
 
3.3 
13.2 
 
[2.8, 3.9] 
[12.2, 14.3] 
State 
New South Wales 
Victoria 
Queensland 
South Australia 
Western Australia 
Tasmania 
Northern Territory 
Australian Capital Territory 
 
1419 
1122 
907 
309 
459 
127 
78 
97 
 
31.4 
24.8 
20.1 
6.8 
10.2 
2.8 
1.7 
2.1 
 
[30.1, 32.8] 
[23.6, 26.1] 
[18.9, 21.3] 
[6.1, 7.6] 
[9.3, 11.1] 
[2.4, 3.3] 
[1.4, 2.1] 
[1.8, 2.6] 
 
1258 
1040 
909 
297 
431 
101 
53 
103 
 
30.0 
24.8 
21.7 
7.1 
10.3 
2.4 
1.3 
2.5 
 
[28.6, 31.4] 
[23.5, 26.1] 
[20.5, 23.0] 
[6.3, 7.9] 
[9.4, 11.2] 
[2.0, 2.9] 
[1.0, 1.6] 
[2.0, 3.0] 
Socio-economic status 
Lowest group (25% most disadvantaged) 
Middle group (50% middle) 
Highest group (25% most advantaged) 
 
1128 
2294 
1122 
 
24.8 
50.5 
24.7 
 
[23.6, 26.1] 
[49.0, 51.9] 
[23.5, 26.0] 
 
1055 
2099 
1035 
 
25.2 
50.1 
24.7 
 
[23.9, 26.5] 
[48.6, 51.6] 
[23.4, 26.0] 
* Some percentages may not add to 100 due to rounding.
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4.2 DESCRIPTION OF TEMPERAMENT AND BEHAVIOUR SCALES 
4.2.1 Descriptive statistics 
Children’s temperament and behaviour were measured using the Strengths and 
Difficulties Questionnaire (SDQ), and the Short Temperament Scale for Toddlers 
(STST), and the Paediatrics Quality of Life Inventory (PEDSQL) Psychosocial 
health summary scales. The SDQ included 25 negative and positive items on 
symptoms related to mental health and behaviour problems, and these were divided 
into 5 scales: Prosocial behaviour, Hyperactivity, Emotional symptoms, Conduct 
problems, and Peer problems. These scales were measured on a 3-point Likert scale 
(Goodman, 1997). Each scale’s score ranged from 0 to 10. Four scales, including 
Hyperactivity, Emotional symptoms, Conduct problems, and Peer problems, were 
summed to generate a total difficulties score, which ranged from 0 to 40. Children 
having higher scores were more likely to have negative behavioural problems. 
Prosocial behaviour was excluded. The STST contained Sociability, Persistence, and 
Reactivity Scales. Each instrument had 4 items, with answers given on a 6-point 
Likert scale. Each subscale’s score ranged from 1 to 6. Children having higher scores 
were more likely to have positive temperament traits, except Reactivity. The 
PEDSQL Psychosocial Health scores were between from 0 and 100. Higher scores 
represent better behavioural outcomes. 
The percentages for the subscales of the SDQ, the STST, and the PEDSQL for 
the LSAC Kindergarten and Birth cohorts are presented in Tables 4.2 and 4.3. The 
frequency of the items, in detail, is shown in Appendices A and B. 
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Table 4.2 Summary of temperament and behaviour scores for the LSAC 
Kindergarten cohort 
Score Mean (SD) Median Min. Max. Percentiles 
25 50 75 
        
Parent rated SDQ        
Prosocial behaviour1 7.75 (1.8) 8.0 0.0 10.0 7.0 8.0 9.0 
Hyperactivity2 3.51 (2.3) 3.0 0.0 10.0 2.0 3.0 5.0 
Emotional symptoms2 1.70 (1.7) 1.0 0.0 10.0 0.0 1.0 3.0 
Conduct problems2 2.51 (2.1) 2.0 0.0 10.0 1.0 2.0 4.0 
Peer problems2 1.66 (1.6) 1.0 0.0 10.0 0.0 1.0 3.0 
Total Difficulties2 9.38 (5.3) 9.0 0.0 35.0 5.0 9.0 12.0 
        
Teacher rated SDQ        
Prosocial behaviour1 7.30 (2.2) 8.0 0.0 10.0 6.0 8.0 9.0 
Hyperactivity2 3.12 (2.4) 3.0 0.0 10.0 1.0 3.0 5.0 
Emotional symptoms2 1.34 (1.7) 1.0 0.0 10.0 0.0 1.0 2.0 
Conduct problems2 1.90 (2.0) 1.0 0.0 10.0 0.0 1.0 3.0 
Peer problems2 2.65 (2.2) 2.0 0.0 10.0 0.0 2.0 4.0 
Total Difficulties2 9.02 (6.3) 9.0 0.0 36.0 3.0 9.0 14.0 
        
Parent rated STST        
Sociability1 3.83 (1.2) 4.0 1.0 6.0 3.0 4.0 4.8 
Persistence1 3.92 (0.9) 4.0 1.0 6.0 3.3 4.0 4.5 
Reactivity2 2.69 (0.9) 2.5 1.0 6.0 2.0 2.5 3.3 
        
Parent rated PEDSQL 
Psychosocial health 
summary1 
 
79.71 (12.1) 
 
80.8 
 
15.4 
 
100.0 
 
73.1 
 
80.7 
 
88.5 
Note: 1Higher scores indicate lower risk of behavioural problems; 2Higher 
scores indicate greater risk of behavioural problems; SDQ: the Strengths and 
Difficulties Questionnaire; STST: the Short Temperament Scale for Toddlers; 
PEDSQL: the Paediatrics Quality of Life Inventory; SD: Standard Deviation; Min.: 
Minimum; Max.: Maximum 
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Table 4.3 Summary of temperament and behaviour scores for the LSAC Birth 
cohort 
Score Mean (SD) Median Min. Max. Percentiles 
25 50 75 
        
Parent rated SDQ        
Prosocial behaviour1 7.70 (1.8) 8.0 0.0 10.0 6.0 8.0 9.0 
Hyperactivity2 3.27 (2.1) 3.0 0.0 10.0 2.0 3.0 5.0 
Emotional symptoms2 1.42 (1.5) 1.0 0.0 10.0 0.0 1.0 2.0 
Conduct problems2 2.15 (1.8) 2.0 0.0 10.0 1.0 2.0 3.0 
Peer problems2 1.38 (1.5) 1.0 0.0 9.0 0.0 1.0 3.0 
Total Difficulties2 8.21 (4.7) 8.0 0.0 34.0 5.0 8.0 11.0 
        
Teacher rated SDQ        
Prosocial behaviour1 7.17 (2.3) 7.0 0.0 10.0 5.0 7.0 9.0 
Hyperactivity2 2.36 (2.4) 3.0 0.0 10.0 0.0 2.0 4.0 
Emotional symptoms2 1.01 (1.6) 1.0 0.0 10.0 0.0 0.0 1.0 
Conduct problems2 1.39 (1.7) 1.0 0.0 10.0 0.0 0.0 1.0 
Peer problems2 1.04 (1.8) 2.0 0.0 10.0 0.0 1.0 2.0 
Total Difficulties2 5.81 (5.3) 8.0 0.0 32.0 2.0 4.0 8.0 
        
Parent rated STST        
Sociability1 3.81 (1.3) 3.8 1.0 6.0 3.0 3.8 4.8 
Persistence1 3.88 (0.9) 4.0 1.0 6.0 3.3 4.0 4.5 
Reactivity2 2.59 (0.9) 2.5 1.0 6.0 2.0 2.5 3.0 
        
Parent rated PEDSQL 
Psychosocial health 
summary1 
 
81.25 (11.4) 
 
82.7 
 
15.4 
 
100.0 
 
73.1 
 
82.7 
 
90.4 
Note: 1Higher scores indicate lower risk of behavioural problems; 2Higher 
scores indicate greater risk of behavioural problems; SDQ: the Strengths and 
Difficulties Questionnaire; STST: the Short Temperament Scale for Toddlers; 
PEDSQL: the Paediatrics Quality of Life Inventory; SD: Standard Deviation; 
Min.: Minimum; Max.: Maximum 
 
4.2.2 Measures of reliability  
The reliability coefficients of temperament and behavioural measurements of 
the LSAC Kindergarten and Birth cohorts are shown in Table 4.4. Overall, 
temperament and behavioural scales showed an adequate degree of internal 
consistency, with Cronbach’s alpha scores between 0.50 and 0.99. The parent rated 
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PEDSQL Psychosocial health summary, parent rated STST Sociability, and teacher 
rated SDQ Prosocial and Hyperactivity scales had high reliability (Cronbach’s α  > 
0.81) for both cohorts. The parent rated SDQ Emotionality and Peer problems had 
relatively low reliability, Cronbach’s α  < 0.60 for both cohorts. Other subscales such 
as parent rated SDQ Prosocial, parent rated Conduct problems, teacher rated SDQ 
Peer problems and Conduct problems, parent rated STST Reactivity and Persistence, 
had Cronbach’s α between 0.64 and 0.80. 
Table 4.4 Measures of reliability of temperament and behaviour measurements 
for the LSAC Kindergarten and Birth cohorts 
  Kindergarten cohort Birth cohort 
Temperament scales Items Cronbach’s α Cronbach’s α 
Parent SDQ Prosocial  5 0.67 0.68 
Parent SDQ Hyperactivity 5 0.74 0.73 
Parent SDQ Emotionality  5 0.59 0.57 
Parent SDQ Peer problems  5 0.50 0.53 
Parent SDQ Conduct problems  5 0.70 0.67 
Parent STST Sociability  4 0.81 0.81 
Parent STST Reactivity  4 0.65 0.69 
Parent STST Persistence  4 0.78 0.79 
Teacher SDQ Prosocial  5 0.83 0.83 
Teacher SDQ Hyperactivity 5 0.86 0.85 
Teacher SDQ Emotionality 5 0.71 0.72 
Teacher SDQ Peer problems  5 0.65 0.64 
Teacher SDQ Conduct problems 5 0.79 0.80 
PEDSQL Psychosocial health 
summary 
12 0.99 0.98 
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4.3 DESCRIPTION OF SEASON OF BIRTH, LATITUDE, AND TOTAL 
GESTATIONAL ULTRAVIOLET RADIATION (UV) EXPOSURE 
VARIABLES 
The characteristics of birth season, latitude and ultraviolet radiation exposure 
during gestation within the LSAC cohorts were explored. The percentage of children 
born in each of the months was normally distributed across both LSAC Kindergarten 
and Birth cohorts (Figure 4.1). Mean gestational ambient UV exposure adjusted with 
clouds for the LSAC Kindergarten and Birth cohorts were 6.01 KJ/m2 and 6.78 
KJ/m2 respectively. The strength of ambient UV radiation is related to latitude and 
season. It decreases at a greater latitude location and in winter. Accordingly, ambient 
UV radiation in Australia is stronger in northern areas (lower latitude) than in the 
southern areas (higher latitude) (Figure 4.2). Children born between March and July 
(autumn-winter months) had the highest total gestational UV levels, while the lowest 
total gestational UV levels were found in children born between October and 
December (spring-summer months) (Figure 4.3). 
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Figure 4.1 Distribution of the LSAC Kindergarten and Birth cohorts by birth month 
 
 
 
Figure 4.2 Distributions of total gestational UV exposure for the LSAC Birth and 
Kindergarten cohorts by latitude 
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Figure 4.3 Distributions of total gestational UV exposure for the LSAC Birth and 
Kindergarten cohorts by birth month 
 
4.4 RESULTS OF EXPLORING THE BIVARIATE ANALYSES OF 
LATITUDE, TOTAL GESTATIONAL UV EXPOSURE, AND 
CHILDREN’S TEMPERAMENT AND BEHAVIOURAL OUTCOMES 
A Spearman’s rank (ρ) test was used to examine the relationship between 
latitude, total UV exposure during gestation, and children’s psychological outcomes. 
Statistical significance was assumed at the p < 0.05 level (two-tailed). According to 
Cohen’s 1977 guidelines for determining the strength of the relationship, ρ = 0.10 to 
0.29 indicates a small relationship, ρ = 0.30 to 0.49 indicates a medium relationship, 
ρ above 0.50 indicates a strong relationship (Cohen, 1977). 
There was a strong negative correlation between latitude and total gestational 
UV exposure for both LSAC Kindergarten and Birth cohorts, with ρs = –.64 and ρs = 
–.56 respectively at the 0.01 significance level.  
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For the Kindergarten cohort, the teacher rated SDQ Hyperactivity had a small 
negative correlation with latitude (ρs = –.06, p < .01) (Table 4.5), while there was no 
correlation found between latitude and children’s temperament and behaviour scales 
for the LSAC Birth cohort (Table 4.6). 
There was a negative correlation between total gestational UV and parent rated 
SDQ Peer Problems (ρs = –.04, p < .01); teacher rated SDQ Emotional symptoms (ρs 
= –.04, p < .01), Peer problems (ρs = –.06, p < .01), Conduct problems (ρs = –.03, p < 
.05), Total Difficulties (ρs = –.05, p < .01) for the LSAC Kindergarten cohort (Table 
4.5). The STST Sociability temperament showed a positive correlation with total 
gestational UV (ρs = .04, p < .01) in the same cohort (Table 4.5). For the LSAC Birth 
cohort, only teacher rated SDQ Conduct problems scale had a negative correlation 
with total gestational UV level (ρs = –.04, p < .05) (Table 4.6). 
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Table 4.5 Spearman’s rho correlation coefficients for the LSAC Kindergarten cohort 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1. Latitude  1                  
2. Total gestational UV –.64** 1                 
3. Parent SDQ Prosocial 
Behaviour 
.02 –.02 1                
4. Parent SDQ 
Hyperactivity 
–.01 –.00 –.33** 1               
5. Parent SDQ Emotional 
Symptoms 
.02 –.03 –.11** .21** 1              
6. Parent SDQ Peer 
Problems 
.02 –.04** –.21** .23** .34** 1             
7. Parent SDQ Conduct 
Problems 
–.02 .01 –.38** .47** .27** .26** 1            
8. Parent Total SDQ  –.00 –.02 –.39** .76** .59** .59** .75** 1           
9. Teacher SDQ Prosocial 
Behaviour 
.03 –.01 .45** –.25** –.07** –.17** –.24** –.27** 1          
10. Teacher SDQ 
Hyperactivity 
–.06** –.02 –.10** .36** .08** .16** .21** .31** –.33** 1         
11. Teacher SDQ Emotional 
Symptoms 
–.00 –.04** –.10** .09** .47** .22** .13** .30** –.11** .25** 1        
12. Teacher SDQ Peer 
Problems 
–.03 –.06** –.06** .11** .14** .26** .09** .20** –.11** .50** .40** 1       
13. Teacher SDQ Conduct 
Problems 
–.04** –.03* –.11** .20** .06** .14** .30** .26** –.26** .60** .26** .57** 1      
14. Teacher Total SDQ  –.05** –.05** –.12** .27** .21** .26** .25** .36** –.29** .81** .56** .81** .80** 1     
15. Sociability –.02 .04* .11** .09** –.33** –.16** .02 –.10** .02 .11** –.21** –.07** .09** –.00 1    
16. Persistence .01 –.01 .26** –.49** –.13** –.11** –.26** –.39** .19** –.22** –.09** –.07** –.13** –.18** –.03** 1   
17. Reactivity .02 –.01 –.29** .29** –.22** .18** .48** .43** –.20** .13** .12** .07** .15** .16** –.09** –.23** 1  
18. PEDSQL Psychosocial 
health  
.01 .01 .23** –.25** –.40** –.32** –.31** –.45** .14** –.15** –.24** –.14** –.12** –.21** .14** .21** –.30** 1 
**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed).
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Table 4.6 Spearman’s rho correlation coefficients for the LSAC Birth cohort 
Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1. Latitude  1                  
2. Total gestational UV –.56** 1                 
3. Parent SDQ Prosocial 
Behaviour 
.01 –.00 1                
4. Parent SDQ 
Hyperactivity 
–.01 .02 –.31** 1               
5. Parent SDQ Emotional 
Symptoms 
–.00 .02 –.09** .16** 1              
6. Parent SDQ Peer 
Problems 
.00 –.01 –.23** .22** .30** 1             
7. Parent SDQ Conduct 
Problems 
.00 .03 –.35** .43** .24** .22** 1            
8. Parent Total SDQ  –.01 .03 –.38** .75** .55** .58** .72** 1           
9. Teacher SDQ Prosocial 
Behaviour 
–.00 .01 .23** –.17** –.03 –.15** –.17** –.21** 1          
10. Teacher SDQ 
Hyperactivity 
–.01 .02 –.19** .29** –.02 .13** .17** .24** –.56** 1         
11. Teacher SDQ Emotional 
Symptoms 
.00 .01 –.06** .01 .18** .11** .01 .10** –.16** .16** 1        
12. Teacher SDQ Peer 
Problems 
.00 .00 –.10** .11** .12** .24** .06** .19** –.40** .28** .35** 1       
13. Teacher SDQ Conduct 
Problems 
.02 –.04* –.15** .19** –.00 .07** .19** .19** –.55** .53** .14** .25** 1      
14. Teacher Total SDQ  .00 .01 –.18** .24** .09** .20** .16** .27** –.62** .78** .52** .66** .65** 1     
15. Sociability .02 –.02 .12** .07** –.36** –.16** .02 –.10** –.02 .17** –.19** –.07** .13** .03 1    
16. Persistence  .00 .01 .28** –.49** –.10** –.12** –.27** –.39** .11** –.21** –.00 –.05** –.13** –.15** .00 1   
17. Reactivity .00  .01 –.33** .32** .22** .20** .49** .46** –.16** .15** .05** .07** .16** .15** –.10** –.26** 1  
18. PEDSQL Psychosocial 
health  
–.02 –.01 .23** –.25** –.38** –.31** –.30** –.45** .10** –.08** –.11** –.11** –.06** –.13** .16** .19** –.30** 1 
**Correlation is significant at the 0.01 level (2-tailed); *Correlation is significant at the 0.05 level (2-tailed). 
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Chapter 5: Results – Associations between 
location and season of birth and 
children’s temperament and 
behaviour outcomes 
5.1 RESULTS OF COSINOR ANALYSIS FOR THE LSAC 
KINDERGARTEN COHORT 
The results of fitting a Cosinor model to the LSAC data for the parent and 
teacher ratings of the Strengths and Difficulties Questionnaire (SDQ), the Short 
Temperament Scale for Toddlers (STST), and the Paediatrics Quality of Life 
Inventory (PEDSQL) Psychosocial health scales, are shown in Table 5.1. The plots 
of seasonal change in mean scores by birth month for the parent and teacher rated 
SDQ subscales at latitude 20 to and 40 degrees south are shown in Figures 5.1, 5.2, 
and 5.3.  
At latitude 25 degrees south, the seasonal amplitudes (height of the seasonal 
peak) were generally higher for the teacher ratings than the parent ratings. There was 
a statistically significant association between birth month and the SDQ subscales for 
all teacher rated SDQ subscales (p < 0.05), except Prosocial behaviour. The peaks for 
difficult SDQ subscales (Emotional Symptoms, Conduct Problems, Hyperactivity, 
Peer Problems and Total Difficulties) were between October and December (spring-
summer months), particularly for the teacher ratings (Table 5.2). In other words, 
children born during summer had a higher average difficult behaviour SDQ score 
compared to those born during winter. The sinusoidal wave ranging, for example 
teacher-rated SDQ Emotional symptoms, from +0.22 points in late October (peak) to 
–0.22 points in late April (trough) in mean score (Table 5.2). Teacher-rated SDQ 
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Conduct problems showed a sinusoidal wave ranging from +0.34 points in mid-
November (peak) to –0.34 points (trough) in mid-May (Table 5.2). Teacher-rated 
SDQ Hyperactivity peaked in mid-November (+0.49), Peer problems peaked in late 
October (+0.52), and Total Difficulties peaked in mid-November (+1.54) (Table 5.2). 
Parent-rated Sociability temperament scale showed a peak in early August (+0.23) 
and a trough in early February (–0.21) (Table 5.2). 
As illustrated in Table 5.1, there was a latitude difference in the scores for the 
parent-rated SDQ scales (Emotional symptoms, Hyperactivity, Total Difficulties), 
and the Persistence temperament scale. The biggest latitude differences are shown 
for parent-rated Emotional symptoms and Total Difficulties in the first half of the 
year. For instance, the greatest seasonal difference in Emotional symptoms and Total 
Difficulties score is at 40 degrees south (peak) and 20 degrees south latitude (trough) 
in April (Figure 5.1). 
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Table 5.1 Regression coefficients and change with latitudes for the Strengths and Difficulties Questionnaire (SDQ), the Short Temperament 
Scale for Toddlers (STST), and the Paediatrics Quality of Life Inventory (PEDSQL) Psychosocial health summary scales – the LSAC 
Kindergarten cohort  
  Cosine parameter 
(p-value) 
Sine parameter 
(p-value) 
Change with latitude 
(p-value) 
The Parent-rated SDQ scales    
Emotional symptoms 0.068 (p = 0.43) –0.072 (p = 0.37) 0.023 (p = 0.01)** 
Conduct problems 0.044 (p = 0.67) 0.023 (p = 0.811) –0.006 (p = 0.58) 
Hyperactivity –0.037 (p = 0.75) –0.11 (p = 0.30) 0.027 (p = 0.02)** 
Peer problems 0.062 (p = 0.43) –0.043 (p = 0.56) 0.009 (p = 0.26) 
Total Difficulties 0.137 (p = 0.59) –0.21 (p = 0.39) 0.058 (p = 0.02)** 
Prosocial behaviour 0.052 (p = 0.58) –0.044 (p = 0.62) –0.003 (p = 0.74) 
The Teacher-rated SDQ scales    
Emotional symptoms 0.182 (p = 0.04)* –0.114 (p = 0.17) 0.017 (p = 0.05) 
Conduct problems 0.316 (p = 0.004)* –0.123 (p = 0.23) –0.005 (p = 0.65) 
Hyperactivity 0.465 (p < 0.001)* –0.185 (p = 0.12) 0.014 (p = 0.28) 
Peer problems 0.452 (p < 0.001)* –0.251 (p = 0.03)* 0.017 (p = 0.16) 
Total Difficulties 1.424 (p < 0.001)* –0.672 (p = 0.03)* 0.050 (p = 0.12) 
Prosocial behaviour –0.079 (p = 0.50) 0.160 (p = 0.15) –0.021 (p = 0.07) 
The STST Temperament scales    
Sociability  –0.087 (p = 0.20) –0.132 (p = 0.04)* 0.0110 (p = 0.13) 
Persistence –0.086 (p = 0.09) 0.040 (p = 0.39) 0.012 (p = 0.01)** 
Reactivity  0.023 (p = 0.64) 0.020 (p = 0.66) –0.003 (p = 0.52) 
The PEDSQL Psychosocial health 
summary 
–0.239 (p = 0.69) 0.349 (p = 0.54) –0.082 (p = 0.17) 
Note: *p < 0.05 for a statistically significant seasonal effect; **p < 0.05 for a statistically significant latitude effect 
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Table 5.2 Estimated seasonal phase as calendar days and amplitude for temperament 
and behavioural outcomes at latitude 25 degrees south, with statistical significance (p 
values less than 0.05) 
Variable Phase Amplitude p-value 
The Teachers’ SDQ scales    
Emotional symptoms 
April 22 Min = –0.22 0.04 
October 23 Max = 0.22 0.04 
Conduct problems 
May 15 Min = –0.34  0.004 
November 15 Max = 0.34 0.004 
Hyperactivity 
May 15 Min = –0.49 < 0.001 
November 15 Max = 0.49 < 0.001 
Peer problems 
April 1 Min = –0.52 < 0.001 
October 23 Max = 0.52 < 0.001 
Total Difficulties  
April 22 Min = –1.53 < 0.001 
November 15 Max = 1.54 < 0.001 
The STST Temperament 
scales 
   
Sociability  
February 8 Min = –0.21 0.04 
August 1 Max = 0.23 0.04 
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Figure 5.1 Seasonal patterns in the Strengths and Difficulties Questionnaire (SDQ) mean scores by birth month at latitudes 20 to 40 degrees 
south for the parent rating in the LSAC Kindergarten cohort, 2004–2005. The horizontal line at zero shows no seasonal change. Results from the 
Cosinor model.
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Figure 5.2 Seasonal patterns in the Strengths and Difficulties Questionnaire (SDQ) mean scores by birth month at latitudes 20 to 40 degrees 
south for the teacher rating in the LSAC Kindergarten cohort, 2004–2005. The horizontal line at zero shows no seasonal change. Results from 
the Cosinor model.
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Figure 5.3 Seasonal patterns in the Short Temperament Scale for Toddlers (STST), and the Paediatrics Quality of Life Inventory (PEDSQL) 
Psychosocial health summary mean scores by birth month at latitudes 20 to 40 degrees south for parent ratings in the LSAC Kindergarten cohort, 
2004–2005. The horizontal line at zero shows no seasonal change. Results from the Cosinor model.
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In summary, the season of birth was associated with the children’s Strengths 
and Difficulties (SDQ) score in the LSAC Kindergarten cohort. Those who had been 
born in spring-summer (between October and December) had the highest difficulty 
scores and those born in autumn-winter (between May and July) had the lowest 
difficulty scores. The seasonal patterns were particularly strong for the teachers’ 
observations. A latitude difference in children’s parent-rated SDQ scores was also 
found. 
5.2 RESULTS OF COSINOR ANALYSIS FOR THE LSAC BIRTH 
COHORT 
The results of fitting a Cosinor model to the LSAC Birth cohort, based on the 
parent and teacher ratings of the Strengths and Difficulties Questionnaire (SDQ), the 
Short Temperament Scale for Toddlers (STST), and the Paediatrics Quality of Life 
Inventory (PEDSQL) Psychosocial health scales are shown in Table 5.3. Only the 
teacher-rated SDQ Conduct problems and the parent-rated PEDSQL Psychosocial 
health summary scales, showed a statistically significant association (p < 0.05), 
which peaked in early October and late September respectively, at latitude 25 
degrees south (Table 5.4).  
The plots of seasonal change in mean scores by birth month for the parent and 
teacher rated SDQ, the STST temperament and the PEDSQL Psychosocial health 
subscales at latitudes 20 to and 40 degrees south for LSAC Birth cohort are shown in 
Figures 5.4, 5.5, and 5.6. A difference in the seasonal pattern between latitudes was 
observed only for parent-rated SDQ Hyperactivity, which peaked at 20 degrees south 
latitude and decreased at 40 degrees south in April (Figure 5.4).
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Table 5.3 Regression coefficients and change with latitudes for the Strengths and Difficulties Questionnaire (SDQ), the Short Temperament 
Scale for Toddlers (STST), and the Paediatrics Quality of Life Inventory (PEDSQL) Psychosocial health summary scales – the LSAC Birth 
cohort  
  Cosine parameter 
(p-value) 
Sine parameter 
(p-value) 
Change with latitude 
(p-value) 
The Parent-rated SDQ scales    
Emotional symptoms –0.003 (p = 0.97) 0.056 (p = 0.46) –0.005 (p = 0.54) 
Conduct problems –0.030 (p = 0.76) 0.035 (p = 0.69) 0.002 (p = 0.85) 
Hyperactivity –0.090 (p = 0.42) 0.194 (p = 0.06) –0.022 (p = 0.04)** 
Peer problems –0.015 (p = 0.85) 0.129 (p = 0.08) –0.011 (p = 0.15) 
Total Difficulties –0.138 (p = 0.57) 0.415 (p = 0.06) –0.037 (p = 0.12) 
Prosocial behaviour 0.103 (p = 0.29) –0.055 (p = 0.53) –0.012 (p = 0.18) 
The Teacher-rated SDQ scales    
Emotional symptoms –0.091 (p = 0.35) 0.122 (p = 0.17) 0.013 (p = 0.18) 
Conduct problems 0.103 (p = 0.34) –0.216 (p = 0.03)* 0.017 (p = 0.09) 
Hyperactivity –0.005 (p = 0.97) 0.107 (p = 0.41) 0.012 (p = 0.38) 
Peer problems –0.051 (p = 0.63) 0.043 (p = 0.65) 0.009 (p = 0.37) 
Total Difficulties –0.042 (p = 0.90) 0.054 (p = 0.85) 0.024 (p = 0.43) 
Prosocial behaviour –0.076 (p = 0.60) 0.042 (p = 0.75) –0.001 (p = 0.96) 
The STST Temperament scales    
Sociability  0.033 (p = 0.61) –0.085 (p = 0.15) –0.006 (p = 0.32) 
Persistence –0.010 (p = 0.85) –0.054 (p = 0.23) –0.007 (p = 0.12) 
Reactivity  –0.039 (p = 0.40) 0.073 (p = 0.09) –0.004 (p = 0.39) 
The PEDSQL Psychosocial health 
summary 0.859 (p = 0.16) –1.649 (p = 0.003)* 0.087 (p = 0.14) 
Note: *p < 0.05 for a statistically significant seasonal effect; **p < 0.05 for a statistically significant latitude effect 
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Table 5.4 Estimated seasonal phase as calendar days and amplitude for temperament 
and behavioural outcomes at latitude 25 degrees south, with statistical significance (p 
values less than 0.05) 
Variable Phase Amplitude p-value 
The Teachers’ SDQ scales    
Conduct problems April 1 Min = –0.23 0.03 October 1 Max = 0.23 0.03 
    
The PEDSQL Psychosocial 
health summary 
April 1 Min = –0.24 0.003 
September 23 Max = 0.24 0.003 
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Figure 5.4 Seasonal patterns in the Strengths and Difficulties Questionnaire (SDQ) mean scores by birth month at latitudes 20 to 40 degrees 
south for the parent rating in the LSAC Birth cohort, 2008–2009. The horizontal line at zero shows no seasonal change. Results from the Cosinor 
model.
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Emotional symtoms 
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Conduct problems 
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Hyperactivity 
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Peer problems 
-1.5
-1
-0.5
0
0.5
1
1.5
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Total Difficulties 
-0.6
-0.4
-0.2
0
0.2
0.4
0.6
1 2 3 4 5 6 7 8 9 10 11 12Se
as
on
al
 c
ha
ng
e 
in
 m
ea
n 
sc
or
es
 
Birth month  
Parent rated SDQ Prosocial behaviour 
 90 
 
   
   
 
 
Figure 5.5 Seasonal patterns in the Strengths and Difficulties Questionnaire (SDQ) mean scores by birth month at latitudes 20 to 40 degrees 
south for the teacher rating in the LSAC Birth cohort, 2008–2009. The horizontal line at zero shows no seasonal change. Results from the 
Cosinor model.
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Figure 5.6 Seasonal patterns in the Short Temperament Scale for Toddlers (STST), and the Paediatrics Quality of Life Inventory (PEDSQL) 
Psychosocial health summary mean scores by birth month at latitudes 20 to 40 degrees south for parent ratings in the LSAC Birth cohort, 2008–
2009. The horizontal line at zero shows no seasonal change. Results from the Cosinor model.
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Chapter 6: Results – Associations between total 
gestational UV exposure and 
children’s temperament and 
behaviour outcomes  
As shown previously, this study found a relationship between season of birth and 
temperament and behavioural outcomes in Australian children. To investigate the 
contributing factors to these outcomes, this chapter explores the role of gestational UV 
exposure and the outcomes of childhood temperament and behaviour. This section will 
address the research question for the study: “Is there any association between maternal UV 
radiation exposure during pregnancy and temperament and behaviour of children?” 
A general linear regression model with total gestational UV exposure received during 
pregnancy as the predictor was used to assess this association. Environmental UV radiation 
exposure, expressed as Kilojoules per m2 (KJ/m2), was obtained from QUT’s AusUV 
exposure database. These data consist of modelled spectral UV irradiances across Australia 
during the gestation period of the study participants. As mentioned above, analyses were 
adjusted for child’s sex and age at interview, number of weeks of gestation, family socio-
economic status, mother’s age, mother’s depression, mother’s smoking and alcohol 
consumption during pregnancy, mother’s education, marital relationship status, parental 
warmth, where possible.
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6.1 RESULTS OF MULTIPLE LINEAR REGRESSION ANALYSIS OF TOTAL 
GESTATIONAL UV EXPOSURE AND CHILDREN’S TEMPERAMENT AND 
BEHAVIOURAL OUTCOMES FOR THE LSAC KINDERGARTEN COHORT 
Multiple linear regression models were used to assess the effect of UV exposure during 
gestation on the dependent variable – change in mean score of childhood temperament and 
behaviour (see Appendix C). On average, higher total gestational UV exposure was 
significantly associated with decreases in the difficult SDQ scores (point) for the parent rated 
SDQ Emotional symptoms, Peer problems, the teacher rated SDQ Emotional symptoms, Peer 
problems, Conduct problems, and Total difficulties scales (p < 0.05) (Table 6.1). The 
difference in SDQ scores (point) per every inter-quartile range (IQR) increase in total 
gestational UV exposure, was also calculated for the SDQ subscales with p < 0.05 in the 
regression model (Table 6.2). The IQR of total gestational UV exposure was 2.23 KJ/m2. For 
every IQR increase in total UV exposure there was a 0.13, and 0.09 point decrease in parent-
rated SDQ Emotional symptoms and Peer problems, respectively. Similarly, there was a 0.15, 
0.16, 0.14, and 0.51 point decrease in teacher-rated SDQ Emotional symptoms, Peer 
problems, Conduct problems, and Total difficulties, respectively, for every IQR increase in 
total gestational UV exposure.  
For the parent-rated SDQ Emotional symptoms, this model produced an adjusted R2 of 
0.09, which was statistically significant (Table 6.3). Total gestational UV in KJ/m2 was a 
significant predictor of change in parent-rated SDQ Emotional symptoms mean score 
(Standardised B = –0.06, p = 0.005). Other variables such as socio-economic status 
(Standardised B = 0.42, p = 0.004), mother’s depression Kessler K6 score (Standardised B = 
–0.67, p < 0.001), number of weeks of gestation (Standardised B = –0.03, p = 0.03), and 
parental warmth (Standardised B = –0.25, p = 0.001), were also significant predictors of 
change in Emotional symptoms mean score. 
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For the parent-rated SDQ Peer problems, this model produced an adjusted R2 of 0.10 
(Table 6.3). Total gestational UV in KJ/m2 was a significant predictor of change in parent 
rated SDQ Peer problems mean score (Standardised B = –0.04, p = 0.04), as were child’s 
gender (Standardised B = 0.16, p = 0.01), mother’s alcohol consumption during pregnancy 
(Standardised B = –0.18, p = 0.01), mother smoking status during pregnancy (Standardised B 
= 0.26, p = 0.003), socio-economic status (Standardised B = 0.33, p = 0.02), mother’s 
depression Kessler K6 score (Standardised B = –0.46, p < 0.001), and parental warmth 
(Standardised B = –0.35, p < 0.001). 
For the teacher-rated SDQ Emotional symptoms, this model produced an adjusted R2 of 
0.04 (Table 6.4). Total gestational UV was a significant predictor of change in parent rated 
SDQ Emotional symptoms mean score (Standardised B = –0.07, p = 0.002). Socio-economic 
status, mother’s depression Kessler K6 score, and number of weeks of gestation were also 
significant predictors of change in the teacher-rated SDQ Emotional symptoms mean score 
(Standardised B = 0.33, p = 0.03; B = –0.39, p < 0.001; and B = –0.07, p < 0.001, 
respectively). 
For the teacher-rated SDQ Peer problems, this model produced an adjusted R2 of 0.04 
(Table 6.4). Total gestational UV was a significant predictor of change in teacher rated SDQ 
Peer problems mean score (Standardised B = –0.07, p = 0.02). Child’s age (Standardised B = 
–0.01, p = 0.03), child’s gender (Standardised B = 0.23, p = 0.01), socio-economic status 
(Standardised B = .55, p = 0.01), mother’s depression Kessler K6 (Standardised B = –0.41, p 
< 0.001), and number of weeks of gestation (Standardised B = –0.07, p = 0.001) were also 
significant predictors of change in the teacher-rated SDQ Peer problems mean score. 
For the teacher-rated SDQ Conduct problems, this model produced an adjusted R2 of 
0.04 (Table 6.5). Total gestational UV was a significant predictor of change in the teacher 
rated SDQ Peer problems mean score (Standardised B = –0.06, p = 0.02). Child’s gender and 
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mother’s depression Kessler K6 were also significant predictors of change in the teacher-
rated SDQ Conduct problems mean score (Standardised B = 0.32, p < 0.001; B = –0.25, p < 
0.001, respectively). 
For the teacher-rated SDQ Total Difficulties score, this model produced an adjusted R2 
of 0.08 (Table 6.5). Total gestational UV was a significant predictor of change in teacher-
rated SDQ Total Difficulties mean score (Standardised B = –0.23, p = 0.004). Child’s gender 
(Standardised B = 1.47, p < 0.001), socio-economic status (Standardised B = 1.79, p = 
0.001), mother’s depression Kessler K6 score (Standardised B = –1.38, p < 0.001), and 
number of weeks of gestation (Standardised B = –0.22, p < 0.001) were also significant 
predictors of change in the teacher-rated Total Difficulties mean score.
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Table 6.1 Multiple variable linear regression: total gestational UV exposure (KJ/m2) and 
the Strengths and Difficulties Questionnaire (SDQ), the Short Temperament Scale for 
Toddlers (STST), and the Paediatrics Quality of Life Inventory (PEDSQL) Psychosocial 
health summary scales – the LSAC Kindergarten cohort 
Domains B (Coefficients) 
Standard 
error t-statistics 
Significance 
(p-values) 
The SDQ scales – Parent      
Prosocial behaviour     
Total gestational UV  –0.00 0.02 –0.07 0.95 
Hyperactivity     
Total gestational UV –0.00 0.03 –0.14 0.89 
Emotional symptoms     
Total gestational UV –0.06 0.02 –2.84 0.005 
Peer problems     
Total gestational UV –0.04 0.02 –2.02 0.04 
Conduct problems     
Total gestational UV –0.01 0.03 –0.47 0.64 
Total Difficulties      
Total gestational UV –0.11 0.06 –1.86 0.06 
The SDQ scales – Teacher     
Prosocial behaviour     
Total gestational UV –0.01 0.03 –0.34 0.73 
Hyperactivity     
Total gestational UV –0.03 0.03 –0.98 0.33 
Emotional symptoms     
Total gestational UV –0.07 0.02 –3.07 0.002 
Peer problems     
Total gestational UV –0.07 0.03 –2.15 0.02 
Conduct problems     
Total gestational UV –0.06 0.03 –2.31 0.02 
Total Difficulties      
Total gestational UV –0.23 0.08 –2.87 0.004 
The STST Temperament scales   
Sociability      
Total gestational UV 0.01 0.02 0.77 0.44 
Persistence     
Total gestational UV 0.00 0.01 0.05 0.96 
Reactivity     
Total gestational UV –0.02 0.01 –1.48 0.14 
     
The PEDSQL Psychosocial health summary   
     Psychosocial health summary    
Total gestational UV 0.07 0.15 0.45 0.65 
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Table 6.2 Summary table of the change in the Strengths and Difficulties Questionnaire (SDQ) 
score (point) per IQR increase in total gestational UV exposure – The LSAC Kindergarten 
cohort, Wave 1, aged 4 and 5 years old 
 
The SDQ subscales Total gestational 
UV (1 KJ/m2) 
Change in the SDQ 
for an IQR increase 
in total gestational 
UV (2.23 KJ/m2) 
Sig. 
Parent     
 Emotional symptoms –0.06 –0.13 0.005 
 Peer problems –0.04 –0.09 0.04 
Teacher     
 Emotional symptoms –0.07 –0.15 0.002 
 Peer problems –0.07 –0.16 0.02 
 Conduct problems –0.06 –0.14 0.02 
 Total Difficulties –0.23 –0.51 0.004 
Note: the inter-quartile range (IQR) refers to the difference between the 75th and 25th 
percentile. 
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Table 6.3 Multiple variable linear regression: total gestational UV (KJ/m2) and the Parent-rated SDQ Emotional symptoms and Peer problems 
scales – the LSAC Kindergarten cohort 
The Kindergarten cohort  Parent-rated SDQ Emotional symptoms Parent-rated SDQ Peer problems 
Variable  B 
(Coefficients) S.E t-statistics Sig. 
B 
(Coefficients) S.E t-statistics Sig. 
Child’s age  0.01 0.00 2.01 0.05 –0.00 0.00 –1.19 0.23 
Total gestational UV exposure –0.06 0.02 –2.84 0.005 –0.04 0.02 –2.02 0.04 
Child’s gender (male) –0.06 0.06 –1.01 0.31 0.16 0.06 2.74 0.01 
Indigenous status  (no) –0.16 0.22 –0.72 0.47 –0.25 0.20 –1.24 0.22 
Mother’s education (postgraduate degree) 0.30 0.25 1.20 0.23 –0.02 0.23 –0.07 0.94 
Mother’s age  –0.02 0.01 –2.78 0.01 –0.01 0.01 –1.40 0.16 
Marital relationship (married) 0.03 0.09 0.34 0.73 –0.15 0.08 –1.88 0.06 
Mother drank during pregnancy (yes) –0.05 0.07 –0.79 0.43 –0.18 0.06 –2.77 0.01 
Mother smoked during pregnancy (yes) –0.00 0.10 –0.02 0.99 0.26 0.09 2.93 0.003 
Socio-economic status (low SES) 0.42 0.15 2.86 0.004 0.33 0.13 2.43 0.02 
Mother’s depression Kessler K6 scale –0.67 0.05 –12.79 < 0.001 –0.46 0.05 –9.52 < 0.001 
Number of weeks of Gestation  –0.03 0.02 –2.24 0.03 –0.01 0.01 –0.93 0.35 
Parental warmth scale –0.25 0.07 –3.38 0.001 –0.35 0.07 –5.24 < 0.001 
 Intercept = 6.27,  R Squared = 0.10,  
Adjusted R Squared = 0.09 
Intercept = 7.03,  R Squared = 0.10,  
Adjusted R Squared = 0.10 
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Table 6.4 Multiple variable linear regression: total gestational UV (KJ/m2) and the Teacher-rated SDQ Emotional symptoms and Peer problems – 
the LSAC Kindergarten cohort 
The Kindergarten cohort  Teacher-rated SDQ Emotional symptoms Teacher-rated SDQ Peer Problems 
Variable  B 
(Coefficients) S.E t-statistics Sig. 
B 
(Coefficients) S.E t-statistics Sig. 
Child’s age  0.00 0.00 0.61 0.54 –0.01 0.00 –2.13 0.03 
Total gestational UV exposure –0.07 0.02 –3.07 0.002 –0.07 0.03 –2.42 0.02 
Child’s gender (male) –0.03 0.07 –0.45 0.65 0.23 0.09 2.59 0.01 
Indigenous status  (no) –0.06 0.22 –0.28 0.78 –0.60 0.30 –1.99 0.05 
Mother’s education (postgraduate degree) 0.01 0.26 0.05 0.96 –0.26 0.35 –0.72 0.47 
Mother’s age  –0.00 0.01 –0.41 0.68 –0.02 0.01 –2.25 0.03 
Marital relationship (married) –0.11 0.09 –1.17 0.24 –0.19 0.12 –1.51 0.13 
Mother drank during pregnancy (yes) –0.11 0.07 –1.59 0.11 –0.18 0.10 –1.82 0.07 
Mother smoked during pregnancy (yes) –0.06 0.10 –0.56 0.57 –0.00 0.14 –0.03 0.98 
Socio-economic status (low SES) 0.33 0.15 2.19 0.03 0.55 0.20 2.68 0.01 
Mother’s depression Kessler K6 scale –0.39 0.05 –7.24 < 0.001 –0.41 0.07 –5.56 < 0.001 
Number of weeks of Gestation  –0.07 0.02 –4.25 < 0.001 –0.07 0.02 –3.21 0.001 
Parental warmth scale –0.13 0.08 –1.67 0.10 –0.08 0.10 –0.78 0.43 
 Intercept = 6.22,  R Squared = 0.05,  
Adjusted R Squared = 0.04 
  Intercept = 11.45,  R Squared = 0.05,  
Adjusted R Squared = 0.04 
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Table 6.5 Multiple variable linear regression: total gestational UV (KJ/m2) and the Teacher-rated SDQ Conduct problems and Total difficulties 
scales – the LSAC Kindergarten cohort 
The Kindergarten cohort  
 
Teacher-rated SDQ  
Conduct Problems 
Teacher-rated SDQ  
Total Difficulties  
Variable  B 
(Coefficients) S.E t-statistics Sig. 
B 
(Coefficients) S.E t-statistics Sig. 
Child’s age  0.00 0.00 0.54 0.59 –0.00 0.01 –0.27 0.79 
Total gestational UV exposure –0.06 0.03 –2.31 0.02 –0.23 0.08 –2.87 0.004 
Child’s gender (male) 0.32 0.08 4.06 < 0.001 1.47 0.24 6.16 < 0.001 
Indigenous status  (no) –0.74 0.28 –2.68 0.01 –2.24 0.83 –2.71 0.01 
Mother’s education (postgraduate degree) –0.55 0.32 –1.70 0.09 –1.76 0.97 –1.82 0.07 
Mother’s age  –0.02 0.01 –2.54 0.01 –0.06 0.03 –2.31 0.02 
Marital relationship (married) –0.32 0.11 –2.89 0.004 –0.87 0.33 –2.60 0.01 
Mother drank during pregnancy (yes) 0.12 0.09 1.33 0.18 –0.07 0.26 –0.25 0.80 
Mother smoked during pregnancy (yes) 0.04 0.12 0.32 0.75 –0.01 0.37 –0.02 0.98 
Socio-economic status (low SES) 0.20 0.19 1.05 0.29 1.79 0.56 3.21 0.001 
Mother’s depression Kessler K6 scale –0.25 0.07 –3.75 < 0.001 –1.38 0.20 –6.87 < 0.001 
Number of weeks of Gestation  –0.02 0.02 –0.93 0.35 –0.22 0.06 –3.83 < 0.001 
Parental warmth scale –0.14 0.09 –1.49 0.14 –0.45 0.28 –1.62 0.11 
 Intercept = 6.18,  R Squared = 0.04,  
Adjusted R Squared = 0.04 
  Intercept = 33.00,  R Squared = 0.08,  
Adjusted R Squared = 0.08 
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6.2 RESULTS OF MULTIPLE LINEAR REGRESSION ANALYSIS OF 
TOTAL GESTATIONAL UV EXPOSURE AND CHILDREN’S 
TEMPERAMENT AND BEHAVIOURAL OUTCOMES FOR THE 
LSAC BIRTH COHORT 
A multiple linear regression model was used to retest the effect of UV 
exposure during gestation on the change in mean score of childhood temperament 
and behavioural dimensions for the LSAC Birth cohort (see Appendix D). There 
were no significant differences for parent or teacher-rated SDQ, STST, and PEDSQL 
scales within the LSAC Birth cohort (Table 6.6). 
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Table 6.6 Multiple variable linear regression: total gestational UV exposure 
(KJ/m2) and the Strengths and Difficulties Questionnaire (SDQ), the Short 
Temperament Scale for Toddlers (STST), and the Paediatrics Quality of Life 
Inventory (PEDSQL) Psychosocial health summary scales – the LSAC Birth cohort 
 B 
(Coefficients) 
Standard 
error 
t-statistics Significance 
(p-values) 
The SDQ scales – Parent     
Prosocial behaviour     
Total gestational UV –0.01 0.02 –0.28 0.78 
Hyperactivity     
Total gestational UV 0.03 0.02 1.15 0.25 
Emotional symptoms     
Total gestational UV 0.02 0.02 1.28 0.20 
Peer problems     
Total gestational UV –0.01 0.02 –0.37 0.71 
Conduct problems     
Total gestational UV 0.04 0.02 2.00 0.05 
Total Difficulties      
Total gestational UV 0.08 0.05 1.63 0.10 
     
The SDQ scales – Teacher     
Prosocial behaviour     
Total gestational UV 0.00 0.03 –0.00 0.99 
Hyperactivity     
Total gestational UV 0.05 0.03 1.88 0.06 
Emotional symptoms     
Total gestational UV 0.01 0.02 0.28 0.78 
Peer problems     
Total gestational UV 0.01 0.02 0.68 0.50 
Conduct problems     
Total gestational UV –0.02 0.02 –0.92 0.36 
Total Difficulties      
Total gestational UV 0.05 0.06 0.84 0.40 
     
The STST Temperament scales    
Sociability      
Total gestational UV –0.02 0.01 –1.21 0.23 
Persistence     
Total gestational UV 0.00 0.01 0.28 0.78 
Reactivity     
Total gestational UV 0.02 0.01 2.00 0.05 
     
The PEDSQL Psychosocial health summary   
Psychosocial health summary    
Total gestational UV –0.23 0.12 –1.92 0.06 
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Chapter 7: Discussion 
This chapter presents a discussion of the study results and a comparison of 
findings with those described in the current literature. Strengths, limitations, and any 
potential biases will be acknowledged.  
7.1 STUDY FINDINGS 
7.1.1 Season and location of birth and children’s temperament and behaviour 
The aims of the study were twofold. The first aim was to determine the 
association between season and location of birth and children’s temperament and 
behaviour for the LSAC Kindergarten cohort. The second aim was to re-test the 
hypothesis in the LSAC Birth cohort.  
At the bivariate level, in the Kindergarten cohort, significant negative 
correlations were found between season of birth, latitude, and total gestational UV 
exposure and the teacher-rated SDQ difficulty subscales such as Hyperactivity, 
Conduct problems, Emotional symptoms, Peer problems, and Total Difficulties; 
while a positive correlation was observed in positive temperament traits such as 
Sociability. In the LSAC Birth cohort, there were no significant correlations between 
temperament and behaviour scales and season of birth, latitude and total gestational 
UV exposure, except that teacher-rated SDQ Conduct problems had a modest 
negative correlation with total gestational UV exposure.   
The Cosinor models found that a highly statistically significant seasonal 
change in mean scores of temperament and behaviour scales by birth month among 
the children in the LSAC Kindergarten cohort. Children who were born in spring-
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summer (between October and December) had the highest difficulty scores and those 
born in autumn-winter (between May and July) had the lowest. The seasonal patterns 
were particularly strong for the teachers’ observations. Further investigations of the 
LSAC Birth cohort found that there were no statistically significant seasonal 
association, except for Conduct problems and PEDSQL Psychosocial health 
summary subscales. 
These findings are consistent with the findings of season of birth and 
temperament outcomes in adults, which have generally shown that winter birth is 
more favourable for temperament. Several studies have found that individuals who 
were born during winter had significantly lower novelty seeking scores compared to 
those born during summer (Chotai & Adolfsson, 2002; Chotai, et al., 2001; Chotai, et 
al., 2009; Chotai, Lundberg, et al., 2003). Similarly, the Cyclothymic and Irritable 
temperament scores were lower among Hungarian university students who born in 
winter compared with those born in other seasons (Rihmer et al., 2011b). Other 
studies have shown that adults born during the cold months scored higher on 
Extraversion temperament and lower on Neuroticism temperament (Forlano & 
Ehrlich, 1941), while those born in summer were reported to score higher on 
Neuroticism (Gupta, 1992).  
The findings from this body of work thus suggest that, along with the already 
defined influenced of social and genetic factors, the level of exposure to certain 
environmental factors during pregnancy may also play an important role in 
influencing children’s temperament and behaviour. While the mechanisms 
underlying these effects have not been fully explained, the following discussion 
gives some biologically plausible explanations of the association between season of 
birth and children’s temperament and behavioural outcomes.  
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Sun exposure and prenatal vitamin D theory 
One potential mechanism may be related to vitamin D adequacy during 
pregnancy. Vitamin D may play a specific role in psychological outcomes based on 
the function that it has in the neurodevelopment of the brain. Recent experimental 
studies have uncovered an essential role for the active form of vitamin D, 
1,25(OH)2D, in the migration, survival and differentiation of developing neurons via 
regulating glial derived neurotrophic factor and nerve growth factor in the brain 
(Kesby, et al., 2011). The vitamin D metabolizing enzymes, 25-hydroxyvitamin D-1-
α-hydroxylase (the enzyme responsible for conversion of 25(OH)D to 1,25(OH)2D) 
and vitamin D-24-hydroxylase (the inactivating enzyme) have been detected both in 
human and animal brain (Eyles, et al., 2003; Eyles, et al., 2005). This suggests that 
the brain can locally either synthesise or inactivate 1,25(OH)2D (Kesby, et al., 2011). 
Prenatal vitamin D deficiency has been suspected of causing variations in the 
neonatal rat brain, including changing brain morphology, and altering the cellular 
proliferation and expression of nerve growth factors (Eyles, et al., 2012; O'Loan, et 
al., 2007).  
Exposure to solar ultraviolet radiation (UVR) is the primary mechanism for the 
maintenance of adequate vitamin D status in humans (Holick & Chen, 2008) and 
UVR exposure is strongly associated with season. Individual and population vitamin 
D levels show a strong seasonal pattern with generally low levels in winter and high 
levels in summer. In addition, UVR exposure varies with latitude, with the highest 
UVR exposure generally occurring in populations living at low latitudes (e.g., the 
tropics), and the lowest UVR exposures occurring at high latitudes. Accordingly, 
vitamin D levels are higher in populations living at lower latitudes than in those 
living in higher latitudes (Kimlin, 2008). 
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Individual and population vitamin D levels also show a strong seasonal pattern 
in Australia, and the lowest levels of vitamin D are found in winter (June to August) 
(Kimlin, et al., 2014). In this study, infants born from October to December (the time 
of highest difficult behaviour scores) would have been conceived between February 
and April (summer-autumn), with the low winter vitamin D period coinciding with 
the second trimester of pregnancy.  
In Australia, vitamin D levels are generally higher in populations living at 
lower latitudes than in those living in higher latitudes. Our study, however, did not 
find a consistent latitude difference in children’s teacher-rated or parent-rated SDQ 
scores. This may be due to the sampling distribution over latitudes, with more of the 
children in the study selected from the more populated Australian states (e.g., New 
South Wales), and conversely, less children from less populated states (e.g., Northern 
Territory) (Soloff, et al., 2005). While this sampling method was designed to reflect 
the percentages in Australian population, it is possible reduce our ability to find a 
latitude effect.    
Infection theory 
Another prenatal event that may be linked with increased risk for psychiatric 
disorders is prenatal exposure to viral infection. It has been suggested that exposure 
to the influenza virus during the second trimester of pregnancy may increase the risk 
of schizophrenia in adult life (Limosin, Rouillon, Payan, Cohen, & Strub, 2003). 
Researchers have found that some infections such as influenza virus, 
Toxoplasma gondii (T. gondii), and Herpes Simplex Virus Type 2 (HSV-2) may 
cause congenital brain defects (Brown, 2011; Brown & Derkits, 2010; Fatemi et al., 
2002). There is a seasonal variation in exposure to viral infections, which are most 
common in late autumn and early winter. Thus, infants born from November to 
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January (the time of highest difficult behaviour scores) in this study would have had 
their second trimester of gestation (a critical period for foetal brain development) fall 
around peak infection time. Disruptions caused by infection during this stage may 
give rise to brain abnormalities that confer vulnerability.  
Neurotransmitter turnover theory 
Season of birth has also been significantly associated with the levels of brain 
neurotransmitters such as dopamine (3,4-dihydroxyphenethylamine), serotonin (5-
hydroxyindoleacetic acid), and norepinephrine (methyl-hydroxyphenylglycol). The 
levels of these neurotransmitters have been shown to be related to a wide range of  
human behaviours and psychiatric disorders (Chotai & Adolfsson, 2002; Chotai, et 
al., 2006; Davidson et al., 2002; Kagan & Fox, 2006; Praschak-Rieder, et al., 2008). 
In the human brain, the synthesis of striatal presynaptic dopamine has been shown to 
be stronger in autumn-winter than in spring-summer (Eisenberg et al., 2010). It is 
also suggested that season of birth may be associated with psychological traits 
through its effects on certain genetic polymorphisms, for example the dopamine 
receptor genetic polymorphisms (Auerbach, et al., 2001; De Luca, et al., 2001; 
Eisenberg, et al., 2007).  
Furthermore, the vitamin D metabolite 1,25(OH)2D is involved in the 
biosynthesis of the neurotransmitter dopamine (Eyles, et al., 2012). Developmental 
vitamin D deficiency during pregnancy may impact forebrain dopamine metabolism 
and its functions in offspring (Kesby, et al., 2009; Kesby, et al., 2010; Kesby, et al., 
2011). 
In summary, this study determined statistically significant differences in the 
mean behavioural scores by month of birth among Australian children aged 4 to 5 
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years: those born in spring-summer months (i.e. October, November, and December) 
had higher difficulty scores than those born in autumn-winter months (i.e. May, June, 
and July). This suggests an environmental influence on early childhood behaviour, 
possibly mediated through the action of solar ultraviolet radiation influencing 
maternal levels of vitamin D during crucial stages of foetal neurodevelopment. 
Further studies investing this possible link need to be conducted, with particular 
focus on the measurement of vitamin D metabolites through the course of pregnancy. 
7.1.2 Total gestational UV exposure and children’s temperament and behaviour 
There is a large seasonal and geographic variation in UV exposure across 
Australia. For this reason, this study used prenatal ambient UV exposure as a proxy 
measure of the influence of season and location of birth. To our knowledge, this 
study was the first to specifically investigate the association of total gestational UV 
exposure and children’s temperament and behaviour.   
This thesis shows an association between the level of gestational ultraviolet 
radiation and children’s temperament and behaviours, particularly for the LSAC 
Kindergarten cohort. We found that a lower level of UV exposure during pregnancy 
was associated with subsequent difficult temperament and behaviour problem scores 
of the child. There was a decrease in parent rated SDQ scales for emotional 
symptoms and peer problems; teacher rated SDQ emotional symptoms, peer 
problems, conduct problems, total difficulties respectively for an increase in total 
gestational UV exposure. Although modest at an individual level, these impacts 
could be important at a population level.  
These results are consistent with findings of season of birth and temperament 
outcomes found in previous chapter of this thesis, which showed lower mean scores 
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of difficult behaviours for winter-born children. Total UV exposure during gestation 
is related to season of birth (p < 0.001), with the highest levels of total gestational 
UV exposure in children born between March and July (autumn-winter months), and 
the lowest levels for those born between October and December (spring-summer 
months) (see Figure 4.3, Chapter 4). 
The high risk of difficult temperament and behaviour for children with low 
gestational UV exposure reported in this study is also consistent with the high risk of 
multiple sclerosis disorder reported by Staples et al in their large longitudinal study 
across Australia, whereby there was a higher risk for those born in November-
December (summer) compared with May-June (winter) (Staples, et al., 2010). There 
is also evidence that infant whose mothers exposed to high levels of sunlight during 
early gestation were significantly heavier at birth (Tustin, Gross, & Hayne, 2004). It 
has been well documented that extremely low birth weight is associated with 
neurologic abnormalities, developmental and functional delays (Vohr et al., 2000). 
Vitamin D has a half-life of approximately one to two months (Vieth, 1999). 
Population vitamin D status is generally highest approximately 6 weeks after the 
highest yearly ambient UV levels (around mid-to-late-summer), and is lowest 6 
weeks after the lowest yearly ambient UV levels in mid-winter (Kovacs, 2008; 
Tremlett et al., 2008). This lag effect means that during pregnancy, maternal vitamin 
D status at any time is associated with amount of UV exposure received during the 
previous 6–8 weeks.  If the conception occurs during winter, the resulting lower 
maternal vitamin D concentrations may affect the next crucial stages of foetal 
development. Vitamin D during early gestation might be particularly more important 
in the development of brain and nervous system as discussed in previous sun 
exposure and prenatal vitamin D theory (see Section 2.5, Chapter 2). 
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A possible limitation of the study is the lack of a direct serum measure of 
maternal vitamin D status during pregnancy. While it has been shown that there is a 
relationship between ambient UV exposure during pregnancy and maternal vitamin 
D concentration at the population level (Sayers, et al., 2009), the use of ambient UV 
as a proxy measure  does not consider the variety of other factors that can influence 
an individual’s vitamin D concentration. These include factors relating to personal 
sun exposure behaviour (such as clothing worn while outdoors, timing and duration 
of outdoor activity, use of sunscreen), and phenotypic factors such as skin 
pigmentation and body mass index. Further studies which measure and monitor these 
factors during pregnancy may be warranted. 
No multiple comparisons corrections were required because this study is an 
exploratory testing of unplanned comparisons which are regarded as hypotheses for 
further investigation (Bender & Lange, 2001). 
Adequate sunlight exposure and vitamin D supplementation for the prevention 
of temperament and behavioural problems might also need to be considered during in 
utero development. The results argue the need for further in-depth research into the 
field of prenatal development. We already did a replication with other LSAC sample 
but we did not find any association. This might be due to the high dropout rate. To 
further validate our positive association findings on season related temperament and 
behaviours, replication studies with larger sample sizes screened for a range of 
prenatal individual UV exposure and vitamin D related parameters, along with other 
factors is required to elucidate the role that UV and vitamin D during gestation may 
have on children’s temperament and behaviours. 
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7.2 THE EFFECT SIZE FOR REGRESSION PREDICTORS 
This study found the possible effect that season of birth and maternal UV 
exposure estimated during pregnancy has on the children temperament and behaviour 
outcomes. It is also noted that there was a strong significant effect of the mother’s 
depression, parental warmth, and socio-economic status on children temperament 
and behaviours. These social determinants of child’s temperament and behaviours 
have long been investigated widely in the literature over the world (see Chapter 2).  
In this study, many of the tests showed a statistically significant association 
between mother’s depression with all parent and teacher’s reports within the LSAC 
Kindergarten cohort and the parent report within the LSAC Birth cohort (p ≤ 0.001) 
(Appendix C). Maternal depression has been significantly associated with more 
difficult temperament and other psychopathology problems in children (Asselmann, 
Wittchen, Lieb, & Beesdo-Baum, 2015; Barker, Copeland, Maughan, Jaffee, & Uher, 
2012; Comas, Valentino, & Borkowski, 2014; Glover, 2014; Goodman et al., 2011; 
Hanington, Ramchandani, & Stein, 2010; Lovejoy, Graczyk, O'Hare, & Neuman, 
2000).  
Similarly, parental warmth and socio-economic status showed a strong 
statistically significance with temperament and behavioural problems in children in 
both LSAC cohorts. Socio-economic status impacts children’s health and well-being 
at multiple levels (Bradley & Corwyn, 2002). Families with high socio-economic 
status often provide their children good access to better living conditions such as 
childcare, medical services, education, social connections (Bradley & Corwyn, 
2002). Low socio-economic status families may face a lack of access to resources to 
promote and support their child’s development, thus putting them at risk for 
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developmental problems (Bradley & Corwyn, 2002). In addition, recent research 
enables us to identify the important of neurochemistry that underlies the effects of 
socio-economic status on children psychological development (Hackman, Farah, & 
Meaney, 2010). For example, it has been suggested that higher child’s stress cortisol 
hormone levels correlate with lower family socio-economic status and depressive 
symptomatology in the mother (Lupien, King, Meaney, & McEwen, 2000). There is 
evidence that cortisol levels are highly correlated with temperament and behaviour in 
children (Davis, Donzella, Krueger, & Gunnar, 1999; Gunnar & Donzella, 2002; 
Shirtcliff, Granger, Booth, & Johnson, 2005; Smider et al., 2002). 
Results of model fitting in this study suggest that associations between season 
of birth and total gestational UV exposure and offspring temperament and 
behavioural problems remain after accounting for social factors of temperament and 
behaviour. Though highly statistically significant, the change in temperament and 
behaviour scores per interquartile range increase in total gestational UV exposure 
was small compared with the change in mother’s depression, parental warmth, and 
socio-economic status scales. Therefore, mother’s depression, parental warmth, and 
socio-economic status likely have a more important effect on childhood temperament 
and behaviours than the effect of season and UV exposure.  
7.3 STRENGTHS AND LIMITATIONS 
7.3.1 Strengths 
The current study was the first study in Australia, to the author’s knowledge, to 
determine the influences of season of birth and gestational UV exposure on 
temperament and behaviour in young children. Most previous studies have focused 
on season of birth and temperament and behaviour dimensions in adults and 
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adolescents (Chotai, et al., 2001; Chotai, Jonasson, Hägglöf, & Adolfsson, 2002; 
Chotai, et al., 2009; Chotai, Lundberg, et al., 2003; Rihmer, et al., 2011b; Tochigi, et 
al., 2004; Tonetti, et al., 2009).  
The key strengths of the study include the large sample size, the random 
selection of participants covering a wide range of UV levels, and the quality and 
comprehensiveness of the study instruments and the LSAC longitudinal dataset. The 
LSAC participants also appear to be representative of the current Australian 
population. This study achieves a well-rounded picture of childhood temperament 
and behavioural problems because it investigated children in parent and teacher 
context, therefore limiting measurement errors.  
The temperament and behavioural measures including the Strengths and 
Difficulties Questionnaire, the Short Temperament Scale for Toddlers, and the 
Paediatrics Quality of Life Inventory, have been well-validated, widely used in 
research, and are supported by a sound theoretical framework. 
Importantly, using data from both LSAC and the AusUV exposure database 
allows us to address specific questions on the associations between childhood 
temperament and environmental factors that were not part of the initial LSAC study 
design. Also there are many advantages of using secondary data such as time and 
cost savings. 
7.3.2 Limitations 
It is possible that the association found in this study may be a consequence of 
the timing of recruitment into LSAC. Within an academic year, older children born 
before the cut-off date may be more advanced in their psychosocial development 
than younger children born after the school cut-off date – a phenomenon known as 
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the “relative age effect” (Thompson, Barnsley, & Battle, 2004). This study adjusted 
for child’s age at the time of the interview but did not have data on age of entry into 
school.  
Other limitations include a lack of information on the mothers’ nutrient status, 
infection history, and exposure to environmental pollutants during pregnancy, 
meaning that we were unable to control for these factors which may influence in 
utero brain development and psychological traits later in life. Further limitations 
include the lack of direct measure of individual ultraviolet radiation (UV) exposure; 
this analysis used daily ambient satellite UV measures as a proxy for personal UV 
exposure, but the actual sun exposure received varies greatly with many factors such 
as the amount of skin exposed, the timing and duration of outdoor activities, amongst 
others (Kimlin, et al., 2014).    
Using secondary data also has limitations, for example, a lack of access to the 
field notes and other incidental observations; and an inability to access the extent to 
which the appropriate methods have been used to measure variables in a large 
complex survey.  
We found associations between UV exposure and children’s temperament and 
behaviour for the Kindergarten cohort; however no association was found for the 
Birth cohort. This might be due to the high dropout rate of the LSAC Birth cohort. 
For both Birth and Kindergarten cohorts, the samples were largest at Wave 1. For the 
current study, we used Wave 1 of the Kindergarten cohort and Wave 3 of the Birth 
cohort to identify the association between gestational UV exposure and temperament 
and behavioural outcomes in children at 4 and 5 years old. This gave the benefits that 
both parent and teacher’s reports of child’s temperament and behaviours could be 
used. The drop-out of 14% in Wave 3 may affect the results of the Birth cohort. 
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Even though we found a possible association between season and location of 
birth and children’s difficult behaviours, as well as an association between prenatal 
ultraviolet radiation (UV) levels and behaviour outcomes, we cannot make any 
public health or clinical recommendation from the study due to its ecological nature. 
Further case-controlled and randomised control studies screened for a range of 
prenatal individual UV exposure and vitamin D levels during pregnancy are needed 
to validate these findings. 
7.4 FUTURE RESEARCH DIRECTIONS 
This study has left openings for possible future research, including: 
a. The use of northern hemisphere data (in countries with publicly 
available satellite UV data) would corroborate the association between 
maternal UV exposure and temperament and behaviour. 
b. Further studies could use case-control studies on children with severe 
temperament and behavioural problems. 
c. In future birth cohort studies, the use of more sensitive direct 
measures of personal UV exposure during pregnancy, for example 
through UV dosimetry and completion of sun/clothing diaries, and to 
assess levels of vitamin D metabolites throughout pregnancy would 
further the field greatly. A study design that could identify the exact 
level of personal UV exposure in a well-representative population 
would improve immensely on the knowledge that we have in this area. 
Results from such a study would be of important public health 
significance. 
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Chapter 8: Conclusions  
The aim of this doctoral study was to provide initial evidence of the 
associations between prenatal factors and children’s psychological aspects. The study 
was the first of its kind in Australia to explore the association between season and 
location of birth and children’s temperament and behavioural outcomes. It also 
studied the association between UV level exposure during pregnancy and 
temperament and behaviour in children for the first time.  
The results showed that young children who were born in summer months at 
high latitude areas were likely to have difficult behaviour. This study also observed 
that summer-born children were likely to receive lowest levels of UV exposure 
during the gestational period. In further analyses, low gestational UV exposure was 
associated with an increased in behavioural scores in children. However the 
associations are relatively small, especially in comparison with factors such as 
maternal depression, parental warmth, and the family socio-economic position. 
This study added to the pool of research knowledge a valuable new insight into 
the role that season and UV exposure during pregnancy have on children’s 
temperament and behavioural development. Future investigation into the possible 
mechanisms of the effects of these factors, including the specific role of vitamin D, is 
highly warranted.  
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Appendices  
Appendix A: FREQUENCY OF SCORES ON THE STRENGTHS AND DIFFICULTIES QUESTIONNAIRE (SDQ), AND THE 
SHORT TEMPERAMENT SCALE FOR TODDLERS (STST) FOR THE LSAC KINDERGARTEN COHORT 
Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
Parent rated SDQ      
Prosocial behaviour1 
1. Considerate of other people’s feelings 
2. Shares readily with other children (treats, toys, pencils, etc) 
3. Helpful if someone is hurt, upset or feeling ill 
4. Kind to younger children 
5. Often volunteers to help others (parents, teachers, other 
children) 
 
131 (2.9) 
154 (3.4) 
132 (2.9) 
94 (2.1) 
213 (4.7) 
 
2210 (48.6) 
2196 (48.2) 
1366 (30.0) 
1123 (24.7) 
1920 (42.2) 
 
2211 (48.6) 
2202 (48.4) 
3053 (67.1) 
3333 (73.3) 
2419 (53.1) 
 
2.46 
2.45 
2.64 
2.71 
2.48 
 
0.55 
0.56 
0.54 
0.50 
0.59 
Hyperactivity2 
1. Restless, overactive, cannot stay still for long 
2. Constantly fidgeting or squirming 
3. Easily distracted, concentration wanders 
4. Thinks things out before acting* 
5. Sees tasks through to the end, good attention span* 
 
2161 (47.5) 
2680 (58.9) 
2043 (44.9) 
1094 (24.0) 
1502 (32.9) 
 
1686 (37.1) 
1421 (31.2) 
1959 (43.0) 
2901 (63.7) 
2626 (57.7) 
 
703 (15.5) 
451 (9.9) 
549 (12.1) 
556 (12.2) 
424 (9.3) 
 
1.68 
1.51 
1.68 
1.89 
1.77 
 
0.73 
0.67 
0.68 
0.59 
0.61 
Emotional Symptoms2 
1. Often complains of headaches, stomach-ache or sickness 
 
3626 (79.7) 
 
812 (17.8) 
 
113 (2.5) 
 
1.23 
 
0.48 
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Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
2. Many worries, often seems worried 
3. Often unhappy, down-hearted or tearful 
4. Nervous or clingy in new situations, easily loses confidence 
5. Many fears, easily scared 
3668 (80.4) 
3884 (85.3) 
2119 (46.6) 
2941 (64.6) 
759 (16.7) 
572 (12.6) 
1840 (40.4) 
1324 (29.1) 
124 (2.7) 
95 (2.1) 
592 (13.0) 
286 (6.3) 
1.22 
1.17 
1.66 
1.42 
0.48 
0.43 
0.70 
0.61 
Conduct Problems2 
1. Often has temper tantrums or hot tempers 
2. Generally obedient, usually does what adults request* 
3. Often fights with other children or bullies them 
4. Often lies or cheats 
5. Steals from home, school or elsewhere 
 
1952 (42.9) 
2110 (46.4) 
3588 (78.9) 
2240 (49.2) 
3028 (66.5) 
 
1983 (43.6) 
2261 (49.7) 
843 (18.5) 
1809 (39.7) 
1329 (29.2) 
 
614 (13.5) 
181 (4.0) 
119 (2.6) 
502 (11.0) 
193 (4.2) 
 
1.71 
1.58 
1.24 
1.62 
1.38 
 
0.69 
0.57 
0.48 
0.68 
0.57 
Peer Problems2 
1. Rather solitary, tends to play alone 
2. Has at least one good friend* 
3. Generally liked by other children*  
4. Picked on or bullied by other children 
5. Gets on better with adults than with other children 
 
2507 (55.1) 
3648 (80.1) 
3568 (78.4) 
3630 (79.8) 
2806 (61.6) 
 
1713 (37.6) 
738 (16.2) 
945 (20.8) 
803 (17.6) 
1461 (32.1) 
 
330 (7.3) 
166 (3.6) 
40 (0.9) 
118 (2.6) 
285 (6.3) 
 
1.52 
1.23 
1.23 
1.23 
1.45 
 
0.63 
0.50 
0.44 
0.48 
0.61 
Teacher rated SDQ      
Prosocial behaviour1 
1. Considerate of other people’s feelings 
2. Shares readily with other children (treats, toys, pencils, etc) 
3. Helpful if someone is hurt, upset or feeling ill 
4. Kind to younger children 
5. Often volunteers to help others (parents, teachers, other 
children) 
 
155 (5.2) 
139 (4.7) 
244 (8.3) 
116 (4.0) 
444 (15.0) 
 
1309 (44.2) 
1246 (42.1) 
1385 (46.8) 
1221 (41.8) 
1409 (47.5) 
 
1497 (50.6) 
1577 (53.2) 
1328 (44.9) 
1582 (54.2) 
1111 (37.5) 
 
2.46 
2.49 
2.37 
2.50 
2.23 
 
0.59 
0.59 
0.63 
0.57 
0.69 
Hyperactivity2      
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Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
1. Restless, overactive, cannot stay still for long 
2. Constantly fidgeting or squirming 
3. Easily distracted, concentration wanders 
4. Thinks things out before acting* 
5. Sees tasks through to the end, good attention span* 
2219 (75.0) 
2250 (76.1) 
1859 (62.9) 
1045 (35.4) 
1460 (49.3) 
543 (18.3) 
508 (17.2) 
750 (25.4) 
1543 (52.2) 
1154 (39.0) 
198 (6.7) 
199 (6.7) 
347 (11.7) 
366 (12.4) 
348 (11.7) 
1.32 
1.31 
1.49 
1.77 
1.62 
0.59 
0.59 
0.69 
0.65 
0.69 
Emotional Symptoms2 
1. Often complains of headaches, stomach-ache or sickness 
2. Many worries, often seems worried 
3. Often unhappy, down-hearted or tearful 
4. Nervous or clingy in new situations, easily loses confidence 
5. Many fears, easily scared 
 
2689 (91.2) 
2279 (77.0) 
2551 (86.2) 
1991 (67.2) 
2524 (85.4) 
 
211 (7.2) 
589 (19.9) 
343 (11.6) 
766 (25.9) 
370 (12.5) 
 
50 (1.7) 
91 (3.1) 
65 (2.2) 
206 (7.0) 
62 (2.1) 
 
1.11 
1.26 
1.16 
1.39 
1.17 
 
0.36 
0.50 
0.42 
0.61 
0.42 
Conduct Problems2 
1. Often has temper tantrums or hot tempers 
2. Generally obedient, usually does what adults request* 
3. Often fights with other children or bullies them 
4. Often lies or cheats 
5. Steals from home, school or elsewhere 
 
2552 (86.2) 
2125 (71.8) 
2496 (84.3) 
2512 (84.9) 
2340 (79.1) 
 
312 (10.5) 
754 (25.5) 
369 (12.5) 
361 (12.2) 
505 (17.1) 
 
98 (3.3) 
82 (2.8) 
97 (3.3) 
86 (2.9) 
112 (3.8) 
 
1.17 
1.31 
1.19 
1.18 
1.25 
 
0.46 
0.52 
0.47 
0.45 
0.51 
Peer Problems2 
1. Rather solitary, tends to play alone 
2. Has at least one good friend* 
3. Generally liked by other children*  
4. Picked on or bullied by other children 
5. Gets on better with adults than with other children 
 
2025 (68.4) 
2088 (70.6) 
2026 (68.4) 
2754 (93.0) 
2176 (73.8) 
 
692 (23.4) 
627 (21.2) 
873 (29.5) 
165 (5.6) 
634 (21.5) 
 
330 (7.3) 
243 (8.2) 
62 (2.1) 
118 (2.6) 
285 (6.3) 
 
1.40 
1.38 
1.34 
1.08 
1.31 
 
0.64 
0.63 
0.52 
0.32 
0.55 
Note: 1Higher scores indicate lower risk of behavioural problems; 2Higher scores indicate greater risk of behavioural problems; SDQ: the 
Strengths and Difficulties Questionnaire; *These questions were reversed so a high score does not show agreement of statement 
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Appendix B: FREQUENCY OF SCORES ON THE STRENGTHS AND DIFFICULTIES QUESTIONNAIRE (SDQ), AND THE 
SHORT TEMPERAMENT SCALE FOR TODDLERS (STST) FOR THE LSAC BIRTH COHORT 
Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
Parent rated SDQ      
Prosocial behaviour1 
1. Considerate of other people’s feelings 
2. Shares readily with other children (treats, toys, pencils, etc) 
3. Helpful if someone is hurt, upset or feeling ill 
4. Kind to younger children 
5. Often volunteers to help others (parents, teachers, other 
children) 
 
57 (1.6) 
81 (2.2) 
82 (2.2) 
56 (1.5) 
157 (4.3) 
 
1599 (43.8) 
1948 (53.4) 
1261 (34.6) 
899 (24.6) 
1815 (49.7) 
 
1991 (54.6) 
1622 (44.4) 
2305 (63.2) 
2696 (73.8) 
1677 (46.0) 
 
2.53 
2.42 
2.61 
2.72 
2.42 
 
0.53 
0.54 
0.53 
0.48 
0.57 
 
Hyperactivity2 
1. Restless, overactive, cannot stay still for long 
2. Constantly fidgeting or squirming 
3. Easily distracted, concentration wanders 
4. Thinks things out before acting* 
5. Sees tasks through to the end, good attention span* 
 
1874 (51.4) 
2371 (65.4) 
1658 (45.5) 
852 (23.4) 
1049 (28.8) 
 
1423 (39.0) 
1040 (28.7) 
1700 (46.7) 
2484 (68.3) 
2258 (62.0) 
 
351 (9.6) 
213 (5.9) 
283 (7.8) 
303 (8.3) 
337 (9.2) 
 
1.58 
1.40 
1.62 
1.85 
1.80 
 
0.66 
0.60 
0.62 
0.54 
0.59 
Emotional Symptoms2 
1. Often complains of headaches, stomach-ache or sickness 
2. Many worries, often seems worried 
3. Often unhappy, down-hearted or tearful 
4. Nervous or clingy in new situations, easily loses confidence 
5. Many fears, easily scared 
 
3054 (83.7) 
3091 (84.8) 
3266 (89.4) 
1724 (47.2) 
2614 (71.7) 
 
509 (13.9) 
476 (13.1) 
334 (9.1) 
1584 (43.4) 
902 (24.7) 
 
86 (2.4) 
76 (2.1) 
52 (1.4) 
342 (9.4) 
131 (3.6) 
 
1.19 
1.17 
1.12 
1.62 
1.31 
 
0.45 
0.43 
0.37 
0.65 
0.54 
Conduct Problems2 
1. Often has temper tantrums or hot tempers 
 
1703 (46.7) 
 
1619 (44.4) 
 
327 (9.0) 
 
1.62 
 
0.64 
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Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
2. Generally obedient, usually does what adults request* 
3. Often fights with other children or bullies them 
4. Often lies or cheats 
5. Steals from home, school or elsewhere 
1648 (45.1) 
3159 (86.5) 
1956 (53.7) 
2699 (74.4) 
1897 (51.9) 
453 (12.4) 
1458 (40.1) 
857 (23.6) 
107 (2.9) 
41 (1.1) 
226 (6.2) 
70 (1.9) 
1.58 
1.15 
1.52 
1.28 
0.55 
0.38 
0.61 
0.49 
Peer Problems2 
1. Rather solitary, tends to play alone 
2. Has at least one good friend* 
3. Generally liked by other children*  
4. Picked on or bullied by other children 
5. Gets on better with adults than with other children 
 
2222 (60.9) 
2841 (77.8) 
2878 (78.8) 
3123 (85.7) 
2674 (73.4) 
 
1248 (34.2) 
688 (18.8) 
744 (20.4) 
477 (13.1) 
834 (22.9) 
 
179 (4.9) 
125 (3.4) 
31 (0.8) 
43 (1.2) 
134 (3.7) 
 
1.44 
1.26 
1.22 
1.15 
1.30 
 
0.59 
0.51 
0.43 
0.39 
0.53 
Teacher rated SDQ      
Prosocial behaviour1 
1. Considerate of other people’s feelings 
2. Shares readily with other children (treats, toys, pencils, etc) 
3. Helpful if someone is hurt, upset or feeling ill 
4. Kind to younger children 
5. Often volunteers to help others (parents, teachers, other 
children) 
 
147 (4.6) 
138 (4.3) 
219 (6.8) 
96 (3.2) 
404 (12.6) 
 
1376 (42.8) 
1307 (40.6) 
1467 (45.7) 
1196 (39.3) 
1592 (49.6) 
 
1692 (52.6) 
1773 (55.1) 
1526 (47.5) 
1755 (57.6) 
1212 (37.8) 
 
2.48 
2.50 
2.41 
2.54 
2.25 
 
 
0.58 
0.58 
0.62 
0.56 
0.66 
Hyperactivity2 
1. Restless, overactive, cannot stay still for long 
2. Constantly fidgeting or squirming 
3. Easily distracted, concentration wanders 
4. Thinks things out before acting* 
5. Sees tasks through to the end, good attention span* 
 
2488 (77.3) 
2463 (76.7) 
2058 (63.9) 
1180 (36.8) 
1624 (50.4) 
 
549 (17.1) 
559 (17.4) 
876 (27.2) 
1651 (51.5) 
1303 (40.5) 
 
181 (5.6) 
191 (5.9) 
286 (8.9) 
376 (11.7) 
294 (9.1) 
 
1.28 
1.29 
1.45 
1.75 
1.59 
 
0.56 
0.57 
0.65 
0.65 
0.65 
Emotional Symptoms2      
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Construct Not true n (%) 
Somewhat 
n (%) 
Certainly 
true 
n (%) 
Mean 
score SD 
1. Often complains of headaches, stomach-ache or sickness 
2. Many worries, often seems worried 
3. Often unhappy, down-hearted or tearful 
4. Nervous or clingy in new situations, easily loses confidence 
5. Many fears, easily scared 
2946 (91.7) 
2524 (78.5) 
2830 (87.9) 
2202 (68.3) 
2786 (87.3) 
227 (7.2) 
609 (18.9) 
312 (9.7) 
825 (25.6) 
340 (10.6) 
40 (1.2) 
84 (2.6) 
77 (2.4) 
195 (6.1) 
67 (2.1) 
1.10 
1.24 
1.14 
1.38 
1.15 
0.33 
0.49 
0.41 
0.60 
0.41 
Conduct Problems2 
1. Often has temper tantrums or hot tempers 
2. Generally obedient, usually does what adults request* 
3. Often fights with other children or bullies them 
4. Often lies or cheats 
5. Steals from home, school or elsewhere 
 
2805 (87.1) 
2340 (72.6) 
2720 (84.5) 
2759 (85.7) 
2608 (81.1) 
 
302 (9.4) 
795 (24.7) 
413 (12.8) 
356 (11.1) 
516 (16.1) 
 
114 (3.5) 
88 (2.7) 
87 (2.7) 
105 (3.3) 
90 (2.8) 
 
1.16 
1.30 
1.18 
1.18 
1.22 
 
0.46 
0.51 
0.45 
0.46 
0.48 
Peer Problems2 
1. Rather solitary, tends to play alone 
2. Has at least one good friend* 
3. Generally liked by other children*  
4. Picked on or bullied by other children 
5. Gets on better with adults than with other children 
 
2279 (70.8) 
2284 (71.1) 
2255 (70.0) 
3018 (93.8) 
2430 (76.5) 
 
715 (22.2) 
719 (22.4) 
906 (28.1) 
155 (4.8) 
614 (19.3) 
 
227 (7.0) 
211 (6.6) 
59 (1.8) 
46 (1.4) 
132 (4.2) 
 
1.36 
1.36 
1.32 
1.08 
1.28 
 
0.61 
0.60 
0.50 
0.32 
0.53 
Note: 1Higher scores indicate lower risk of behavioural problems; 2Higher scores indicate greater risk of behavioural problems; SDQ: the 
Strengths and Difficulties Questionnaire; *These questions were reversed so a high score does not show agreement of statement 
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Appendix C: MULTIPLE LINEAR REGRESSION MODEL – TOTAL 
GESTATIONAL UV EXPOSURE AND TEMPERAMENT AND BEHAVIOURAL 
DIMENSIONS – THE LSAC KINDERGARTEN COHORT 
The LSAC Kindergarten cohort  Parent-rated SDQ Prosocial behaviour 
Variables B S.E t Sig. 
Child’s age  0.01 0.00 1.82 0.07 
Total gestational UV exposure –0.00 0.02 –0.07 0.95 
Child’s gender (male) –0.54 0.07 –7.93 < 0.001 
Indigenous status  (no) 0.12 0.23 0.51 0.61 
Mother’s education 
(postgraduate degree) 
0.05 0.27 0.19 0.85 
Mother’s age  –0.01 0.01 –0.96 0.34 
Marital relationship (married) 0.14 0.10 1.49 0.14 
Mother drank during pregnancy 
(yes) 
0.06 0.07 0.79 0.43 
Mother smoked during 
pregnancy (yes) 
–0.10 0.10 –0.99 0.32 
Socio-economic status (low 
SES) 
0.03 0.16 0.19 0.85 
Mother’s depression Kessler K6 
scale 
0.30 0.06 5.34 < 0.001 
Number of weeks of gestation  0.01 0.02 0.88 0.38 
Parental warmth scale 1.04 0.08 13.14 < 0.001 
Intercept = 0.27, R Squared  = 0.12 , Adjusted  R Squared  = 0.11 
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The LSAC Kindergarten cohort  Parent-rated SDQ Hyperactivity 
Variables B S.E t Sig. 
Child’s age  –0.01 0.00 –1.65 0.10 
Total gestational UV exposure –0.00 0.03 –0.14 0.89 
Child’s gender (male) 0.77 0.09 9.06 <0.001 
Indigenous status  (no) –0.52 0.29 –1.77 0.08 
Mother’s education 
(postgraduate degree) 
–0.68 0.34 –1.98 0.05 
Mother’s age  –0.05 0.01 –5.04 < 0.001 
Marital relationship (married) –0.00 0.12 –0.03 0.97 
Mother drank during pregnancy 
(yes) 
0.06 0.09 0.67 0.51 
Mother smoked during 
pregnancy (yes) 
0.39 0.13 2.96 0.003 
Socio-economic status (low 
SES) 
0.64 0.20 3.25 0.001 
Mother’s depression Kessler K6 
scale 
–0.49 0.07 –6.84 < 0.001 
Number of weeks of gestation  –0.03 0.02 –1.52 0.13 
Parental warmth scale –0.55 0.10 –5.57 < 0.001 
Intercept = 12.73, R Squared = 0.14, Adjusted R Squared  = 0.13 
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The LSAC Kindergarten cohort  Parent-rated SDQ Emotional symptoms 
Variables B S.E t Sig. 
Child’s age  0.01 0.00 2.01 0.05 
Total gestational UV exposure –0.06 0.02 –2.84 0.005 
Child’s gender (male) –0.06 0.06 –1.01 0.31 
Indigenous status  (no) –0.16 0.22 –0.72 0.47 
Mother’s education 
(postgraduate degree) 
0.30 0.25 1.20 0.23 
Mother’s age  –0.02 0.01 –2.78 0.01 
Marital relationship (married) 0.03 0.09 0.34 0.73 
Mother drank during pregnancy 
(yes) 
–0.05 0.07 –0.79 0.43 
Mother smoked during 
pregnancy (yes) 
–0.00 0.10 –0.02 0.99 
Socio-economic status (low 
SES) 
0.42 0.15 2.86 0.004 
Mother’s depression Kessler K6 
scale 
–0.67 0.05 –12.79 < 0.001 
Number of weeks of gestation  –0.03 0.02 –2.24 0.03 
Parental warmth scale –0.25 0.07 –3.38 0.001 
Intercept = 6.27, R Squared = 0.10, Adjusted  R Squared = 0.09 
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The LSAC Kindergarten cohort  Parent-rated SDQ Peer problems 
Variables B S.E t Sig. 
Child’s age  –0.00 0.00 –1.19 0.23 
Total gestational UV exposure –0.04 0.02 –2.02 0.04 
Child’s gender (male) 0.16 0.06 2.74 0.01 
Indigenous status  (no) –0.25 0.20 –1.24 0.22 
Mother’s education 
(postgraduate degree) –0.02 0.23 –0.07 0.94 
Mother’s age  –0.01 0.01 –1.40 0.16 
Marital relationship (married) –0.15 0.08 –1.88 0.06 
Mother drank during pregnancy 
(yes) –0.18 0.06 –2.77 0.01 
Mother smoked during 
pregnancy (yes) 0.26 0.09 2.93 0.003 
Socio-economic status (low 
SES) 0.33 0.13 2.43 0.02 
Mother’s depression Kessler K6 
scale –0.46 0.05 –9.52 < 0.001 
Number of weeks of gestation  –0.01 0.01 –0.93 0.35 
Parental warmth scale –0.35 0.07 –5.24 < 0.001 
Intercept = 7.03, R Squared = 0.10, Adjusted R Squared  = 0.10  
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The LSAC Kindergarten cohort  Parent-rated SDQ Conduct problems 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.33 0.74 
Total gestational UV exposure –0.01 0.03 –0.47 0.64 
Child’s gender (male) 0.18 0.08 2.38 0.02 
Indigenous status  (no) –0.31 0.26 1.21 0.23 
Mother’s education 
(postgraduate degree) –0.14 0.31 –0.45 0.65 
Mother’s age  –0.02 0.01 –2.93 0.003 
Marital relationship (married) –0.31 0.11 –2.93 0.003 
Mother drank during pregnancy 
(yes) –0.03 0.08 –0.31 0.76 
Mother smoked during 
pregnancy (yes) 0.46 0.12 3.97 < 0.001 
Socio-economic status (low 
SES) 0.31 0.18 1.75 0.08 
Mother’s depression Kessler K6 
scale –0.61 0.06 –9.67 < 0.001 
Number of weeks of gestation  –0.02 0.02 –1.12 0.26 
Parental warmth scale –0.55 0.09 –6.25 < 0.001 
Intercept = 9.39, R Squared = 0.11, Adjusted R Squared  = 0.10  
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The LSAC Kindergarten cohort  Parent-rated SDQ Total difficulties 
Variables B S.E t Sig. 
Child’s age  –0.00 0.01 –0.32 0.75 
Total gestational UV exposure –0.11 0.06 –1.86 0.06 
Child’s gender (male) 1.04 0.18 5.69 < 0.001 
Indigenous status  (no) –1.24 0.63 –1.95 0.05 
Mother’s education 
(postgraduate degree) –0.53 0.74 –0.71 0.48 
Mother’s age  –0.10 0.02 –4.93 < 0.001 
Marital relationship (married) –0.43 0.26 –1.69 0.09 
Mother drank during pregnancy 
(yes) –0.19 0.20 –0.96 0.34 
Mother smoked during 
pregnancy (yes) 1.11 0.28 3.92 < 0.001 
Socio-economic status (low 
SES) 1.69 0.43 3.97 < 0.001 
Mother’s depression Kessler K6 
scale –2.24 0.15 –14.50 < 0.001 
Number of weeks of gestation  –0.10 0.04 –2.22 0.03 
Parental warmth scale –1.70 0.21 –7.95 < 0.001 
Intercept = 35.42, R Squared = 0.21, Adjusted R Squared  = 0.20  
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The LSAC Kindergarten cohort  Teacher-rated SDQ Prosocial behaviour 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 1.06 0.29 
Total gestational UV exposure –0.01 0.03 –0.34 0.73 
Child’s gender (male) –0.90 0.09 –10.57 < 0.001 
Indigenous status  (no) 0.56 0.30 1.88 0.06 
Mother’s education 
(postgraduate degree) 0.23 0.35 0.38 0.50 
Mother’s age  –0.02 0.01 –1.62 0.11 
Marital relationship (married) 0.11 0.12 0.91 0.36 
Mother drank during pregnancy 
(yes) 0.06 0.09 0.65 0.52 
Mother smoked during 
pregnancy (yes) –0.04 0.13 –0.32 0.75 
Socio-economic status (low 
SES) –0.33 0.20 –1.66 0.10 
Mother’s depression Kessler K6 
scale 0.23 0.07 3.23 0.001 
Number of weeks of gestation  0.05 0.02 2.21 0.03 
Parental warmth scale 0.55 0.10 5.47 < 0.001 
Intercept = 1.25, R Squared = 0.08, Adjusted R Squared  = 0.07 
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The LSAC Kindergarten cohort  Teacher-rated SDQ Hyperactivity 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.44 0.66 
Total gestational UV exposure –0.03 0.03 –0.98 0.33 
Child’s gender (male) 0.95 0.09 10.23 < 0.001 
Indigenous status  (no) –0.84 0.32 –2.61 0.01 
Mother’s education 
(postgraduate degree) –0.97 0.38 –2.58 0.01 
Mother’s age  –0.01 0.01 –1.36 0.17 
Marital relationship (married) –0.26 0.13 –1.99 0.05 
Mother drank during pregnancy 
(yes) 0.11 0.10 1.04 0.30 
Mother smoked during 
pregnancy (yes) 0.01 0.14 0.08 0.94 
Socio-economic status (low 
SES) 0.72 0.22 3.32 0.001 
Mother’s depression Kessler K6 
scale –0.33 0.08 –4.19 < 0.001 
Number of weeks of gestation  –0.07 0.02 –3.09 0.002 
Parental warmth scale –0.11 0.11 –0.98 0.33 
Intercept = 9.15, R Squared = 0.09, Adjusted R Squared  = 0.08 
172 Appendices 
  
 
 
 
The LSAC Kindergarten cohort  Teacher-rated SDQ Emotional symptoms 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.61 0.54 
Total gestational UV exposure –0.07 0.02 –3.07 0.002 
Child’s gender (male) –0.03 0.07 –0.45 0.65 
Indigenous status  (no) –0.06 0.22 –0.28 0.78 
Mother’s education 
(postgraduate degree) 0.01 0.26 0.05 0.96 
Mother’s age  –0.00 0.01 –0.41 0.68 
Marital relationship (married) –0.11 0.09 –1.17 0.24 
Mother drank during pregnancy 
(yes) –0.11 0.07 –1.59 0.11 
Mother smoked during 
pregnancy (yes) –0.06 0.10 –0.56 0.57 
Socio-economic status (low 
SES) 0.33 0.15 2.19 0.03 
Mother’s depression Kessler K6 
scale –0.39 0.05 –7.24 < 0.001 
Number of weeks of gestation  –0.07 0.02 –4.25 < 0.001 
Parental warmth scale –0.13 0.08 –1.67 0.10 
Intercept = 6.22, R Squared = 0.05, Adjusted R Squared  = 0.04 
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The LSAC Kindergarten cohort  Teacher-rated SDQ Peer problems 
Variables B S.E t Sig. 
Child’s age  –0.01 0.00 –2.13 0.03 
Total gestational UV exposure –0.07 0.03 –2.42 0.02 
Child’s gender (male) 0.23 0.09 2.59 0.01 
Indigenous status  (no) –0.60 0.30 –1.99 0.05 
Mother’s education 
(postgraduate degree) –0.26 0.35 –0.72 0.47 
Mother’s age  –0.02 0.01 –2.25 0.03 
Marital relationship (married) –0.19 0.12 –1.51 0.13 
Mother drank during pregnancy 
(yes) –0.18 0.10 –1.82 0.07 
Mother smoked during 
pregnancy (yes) –0.00 0.14 –0.03 0.98 
Socio-economic status (low 
SES) 0.55 0.20 2.68 0.01 
Mother’s depression Kessler K6 
scale –0.41 0.07 –5.56 < 0.001 
Number of weeks of gestation  –0.07 0.02 –3.21 0.001 
Parental warmth scale –0.08 0.10 –0.78 0.43 
Intercept = 11.45, R Squared = 0.05, Adjusted R Squared  = 0.04 
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The LSAC Kindergarten cohort  Teacher-rated SDQ Conduct problems 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.54 0.59 
Total gestational UV exposure –0.06 0.03 –2.31 0.02 
Child’s gender (male) 0.32 0.08 4.06 < 0.001 
Indigenous status  (no) –0.74 0.28 –2.68 0.01 
Mother’s education 
(postgraduate degree) –0.55 0.32 –1.70 0.09 
Mother’s age  –0.02 0.01 –2.54 0.01 
Marital relationship (married) –0.32 0.11 –2.89 0.004 
Mother drank during pregnancy 
(yes) 0.12 0.09 1.33 0.18 
Mother smoked during 
pregnancy (yes) 0.04 0.12 0.32 0.75 
Socio-economic status (low 
SES) 0.20 0.19 1.05 0.29 
Mother’s depression Kessler K6 
scale –0.25 0.07 –3.75 < 0.001 
Number of weeks of gestation  –0.02 0.02 –0.93 0.35 
Parental warmth scale –0.14 0.09 –1.49 0.14 
Intercept = 6.18, R Squared = 0.04, Adjusted R Squared  = 0.04 
Appendices 175 
 
 
 
 
The LSAC Kindergarten cohort  Teacher-rated SDQ Total difficulties 
Variables B S.E t Sig. 
Child’s age  –0.00 0.01 –0.27 0.79 
Total gestational UV exposure –0.23 0.08 –2.87 0.004 
Child’s gender (male) 1.47 0.24 6.16 < 0.001 
Indigenous status  (no) –2.24 0.83 –2.71 0.01 
Mother’s education 
(postgraduate degree) –1.76 0.97 –1.82 0.07 
Mother’s age  –0.06 0.03 –2.31 0.02 
Marital relationship (married) –0.87 0.33 –2.60 0.01 
Mother drank during pregnancy 
(yes) –0.07 0.26 –0.25 0.80 
Mother smoked during 
pregnancy (yes) –0.01 0.37 –0.02 0.98 
Socio-economic status (low 
SES) 1.79 0.56 3.21 0.001 
Mother’s depression Kessler K6 
scale –1.38 0.20 –6.87 < 0.001 
Number of weeks of gestation  –0.22 0.06 –3.83 < 0.001 
Parental warmth scale –0.45 0.28 –1.62 0.11 
Intercept = 33.00, R Squared = 0.08, Adjusted R Squared  = 0.08 
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The LSAC Kindergarten cohort  Parent-rated STST Sociability Temperament  
Variables B S.E t Sig. 
Child’s age  0.00 0.00 1.66 0.10 
Total gestational UV exposure 0.01 0.02 0.77 0.44 
Child’s gender (male) 0.22 0.05 4.47 < 0.001 
Indigenous status  (no) –0.04 0.17 –0.23 0.82 
Mother’s education 
(postgraduate degree) –0.08 0.20 –0.38 0.71 
Mother’s age  –0.00 0.01 –0.21 0.84 
Marital relationship (married) –0.08 0.07 –1.14 0.25 
Mother drank during pregnancy 
(yes) 0.02 0.06 0.40 0.69 
Mother smoked during 
pregnancy (yes) 0.02 0.08 0.23 0.82 
Socio-economic status (low 
SES) –0.05 0.12 –0.43 0.67 
Mother’s depression Kessler K6 
scale 0.14 0.04 3.28 0.001 
Number of weeks of gestation  0.03 0.01 2.70 0.01 
Parental warmth scale 0.17 0.06 2.84 0.005 
Intercept = 0.42, R Squared = 0.03, Adjusted R Squared  = 0.02 
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The LSAC Kindergarten cohort  Parent-rated STST Persistence Temperament  
Variables B S.E t Sig. 
Child’s age  0.00 0.00 1.81 0.07 
Total gestational UV exposure 0.00 0.01 0.05 0.96 
Child’s gender (male) –0.18 0.04 –4.83 < 0.001 
Indigenous status  (no) 0.28 0.13 2.25 0.03 
Mother’s education 
(postgraduate degree) –0.04 0.15 –0.24 0.81 
Mother’s age  0.01 0.00 1.15 0.25 
Marital relationship (married) –0.05 0.05 –0.97 0.33 
Mother drank during pregnancy 
(yes) –0.12 0.04 –2.88 0.004 
Mother smoked during 
pregnancy (yes) –0.16 0.06 –2.75 0.01 
Socio-economic status (low 
SES) –0.20 0.09 –2.35 0.02 
Mother’s depression Kessler K6 
scale 0.16 0.03 5.27 < 0.001 
Number of weeks of gestation  0.02 0.01 2.19 0.03 
Parental warmth scale 0.22 0.04 5.20 < 0.001 
Intercept = 0.62, R Squared = 0.06, Adjusted R Squared  = 0.06 
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The LSAC Kindergarten cohort  Parent-rated STST Reactivity Temperament  
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.10 0.92 
Total gestational UV exposure –0.02 0.01 –1.48 0.14 
Child’s gender (male) 0.12 0.04 3.48 0.001 
Indigenous status  (no) –0.25 0.12 –2.04 0.04 
Mother’s education 
(postgraduate degree) 0.07 0.14 0.52 0.60 
Mother’s age  0.00 0.00 1.05 0.30 
Marital relationship (married) 0.01 0.05 0.21 0.84 
Mother drank during pregnancy 
(yes) 0.03 0.04 0.83 0.41 
Mother smoked during 
pregnancy (yes) 0.13 0.05 2.49 0.01 
Socio-economic status (low 
SES) 0.18 0.08 2.28 0.02 
Mother’s depression Kessler K6 
scale –0.37 0.03 –12.56 < 0.001 
Number of weeks of gestation  –0.03 0.01 –3.08 0.002 
Parental warmth scale –0.22 0.04 –5.42 < 0.001 
Intercept = 6.21, R Squared = 0.12, Adjusted R Squared  = 0.11 
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The LSAC Kindergarten cohort  Parent-rated PEDS Psychosocial health  
Variables B S.E t Sig. 
Child’s age  0.02 0.02 0.96 0.34 
Total gestational UV exposure 0.07 0.15 0.45 0.65 
Child’s gender (male) –1.23 0.44 –2.79 0.005 
Indigenous status  (no) –1.47 1.52 –0.96 0.34 
Mother’s education 
(postgraduate degree) 0.02 1.78 0.01 0.99 
Mother’s age  –0.05 0.05 –1.07 0.29 
Marital relationship (married) 0.60 0.62 0.98 0.33 
Mother drank during pregnancy 
(yes) –0.71 0.48 –1.48 0.14 
Mother smoked during 
pregnancy (yes) 0.08 0.68 0.11 0.91 
Socio-economic status (low 
SES) –1.38 1.03 –1.34 0.18 
Mother’s depression Kessler K6 
scale 6.36 0.37 17.14 < 0.001 
Number of weeks of gestation  0.28 0.11 2.62 0.01 
Parental warmth scale 3.07 0.52 5.95 < 0.001 
Intercept = 25.67, R Squared = 0.15, Adjusted R Squared  = 0.14 
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Appendix D: MULTIPLE LINEAR REGRESSION MODEL – TOTAL 
GESTATIONAL UV EXPOSURE AND TEMPERAMENT AND BEHAVIOURAL 
DIMENSIONS – THE LSAC BIRTH COHORT 
The LSAC Birth cohort  Parent-rated SDQ Prosocial behaviour 
Variables B S.E t Sig. 
Child’s age  0.01 0.00 2.47 0.01 
Total gestational UV exposure –0.01 0.02 –0.28 0.78 
Child’s gender (male) –0.57 0.07 –8.04 < 0.001 
Indigenous status  (no) 0.28 0.27 1.06 0.29 
Mother’s education 
(postgraduate degree) 
–0.21 0.29 –0.71 0.48 
Mother’s age  –0.02 0.01 –2.54 0.01 
Marital relationship (married) –0.05 0.12 –0.45 0.66 
Mother drank during pregnancy 
(yes) 
0.02 0.07 0.29 0.77 
Mother smoked during 
pregnancy (yes) 
0.10 0.12 0.80 0.42 
Socio-economic status (low 
SES) 
–0.11 0.16 –0.67 0.50 
Mother’s depression Kessler K6 
scale 
0.23 0.07 3.20 0.001 
Number of weeks of gestation  0.02 0.02 0.85 0.40 
Parental warmth scale 0.69 0.09 7.65 < 0.001 
Intercept = 1.99, R Squared  = 0.07 , Adjusted  R Squared  = 0.06 
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The LSAC Birth cohort  Parent-rated SDQ Hyperactivity 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 –0.07 0.94 
Total gestational UV exposure 0.03 0.02 1.15 0.25 
Child’s gender (male) 0.77 0.08 9.37 < 0.001 
Indigenous status  (no) 0.01 0.31 0.05 0.96 
Mother’s education 
(postgraduate degree) 
–0.53 0.34 –1.55 0.12 
Mother’s age  –0.02 0.01 –2.53 0.01 
Marital relationship (married) 0.02 0.14 0.16 0.87 
Mother drank during pregnancy 
(yes) 
–0.17 0.09 –2.00 0.05 
Mother smoked during 
pregnancy (yes) 
0.22 0.14 1.52 0.13 
Socio-economic status (low 
SES) 
0.54 0.18 2.95 0.003 
Mother’s depression Kessler K6 
scale 
–0.75 0.08 –9.18 < 0.001 
Number of weeks of gestation  –0.04 0.02 –1.75 0.08 
Parental warmth scale –0.18 0.10 –1.77 0.08 
Intercept = 9.07, R Squared  = 0.11 , Adjusted  R Squared  = 0.10 
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The LSAC Birth cohort  Parent-rated SDQ Emotional symptoms 
Variables B S.E t Sig. 
Child’s age  –0.00 0.00 –0.64 0.52 
Total gestational UV exposure 0.02 0.02 1.28 0.20 
Child’s gender (male) –0.24 0.06 –4.06 < 0.001 
Indigenous status  (no) 0.07 0.22 0.31 0.76 
Mother’s education 
(postgraduate degree) 
0.05 0.25 0.21 0.83 
Mother’s age  –0.02 0.01 –2.50 0.01 
Marital relationship (married) –0.05 0.10 –0.53 0.60 
Mother drank during pregnancy 
(yes) 
–0.08 0.06 –1.32 0.19 
Mother smoked during 
pregnancy (yes) 
–0.02 0.10 –0.19 0.85 
Socio-economic status (low 
SES) 
0.18 0.13 1.37 0.17 
Mother’s depression Kessler K6 
scale 
–0.67 0.06 –11.36 < 0.001 
Number of weeks of gestation  –0.00 0.02 –0.06 0.95 
Parental warmth scale –0.05 0.08 –0.61 0.55 
Intercept = 5.48, R Squared  = 0.08 , Adjusted  R Squared  = 0.07 
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The LSAC Birth cohort  Parent-rated SDQ Peer problems 
Variables B S.E t Sig. 
Child’s age  –0.01 0.00 –1.82 0.07 
Total gestational UV exposure –0.01 0.02 –0.37 0.71 
Child’s gender (male) 0.25 0.06 4.26 < 0.001 
Indigenous status  (no) –0.17 0.22 –0.76 0.45 
Mother’s education 
(postgraduate degree) 
–0.11 0.24 –0.45 0.65 
Mother’s age  –0.01 0.01 –1.15 0.25 
Marital relationship (married) –0.05 0.10 –0.49 0.63 
Mother drank during pregnancy 
(yes) 
–0.18 0.06 –2.98 0.003 
Mother smoked during 
pregnancy (yes) 
0.05 0.10 0.51 0.61 
Socio-economic status (low 
SES) 
0.36 0.13 2.71 0.01 
Mother’s depression Kessler K6 
scale 
–0.49 0.06 –8.48 < 0.001 
Number of weeks of gestation  –0.01 0.02 –0.82 0.41 
Parental warmth scale –0.28 0.07 –3.80 < 0.001 
Intercept = 7.12, R Squared  = 0.07 , Adjusted  R Squared  = 0.06 
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The LSAC Birth cohort  Parent-rated SDQ Conduct problems 
Variables B S.E t Sig. 
Child’s age  –0.00 0.00 –0.90 0.37 
Total gestational UV exposure 0.04 0.02 2.00 0.05 
Child’s gender (male) 0.12 0.07 1.69 0.09 
Indigenous status  (no) 0.05 0.27 0.18 0.86 
Mother’s education 
(postgraduate degree) 
0.02 0.30 0.07 0.94 
Mother’s age  –0.01 0.01 –0.96 0.34 
Marital relationship (married) –0.12 0.12 –1.00 0.32 
Mother drank during pregnancy 
(yes) 
0.03 0.07 0.40 0.69 
Mother smoked during 
pregnancy (yes) 
0.31 0.12 2.48 0.01 
Socio-economic status (low 
SES) 
0.57 0.16 3.57 < 0.001 
Mother’s depression Kessler K6 
scale 
–0.78 0.07 –11.11 < 0.001 
Number of weeks of gestation  0.01 0.02 0.62 0.54 
Parental warmth scale –0.30 0.09 –3.31 0.001 
Intercept = 6.99, R Squared  = 0.09 , Adjusted  R Squared  = 0.08 
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The LSAC Birth cohort  Parent-rated SDQ Total difficulties 
Variables B S.E t Sig. 
Child’s age  –0.01 0.01 –1.20 0.23 
Total gestational UV exposure 0.08 0.05 1.63 0.10 
Child’s gender (male) 0.90 0.18 5.00 < 0.001 
Indigenous status  (no) –0.04 0.67 –0.06 0.96 
Mother’s education 
(postgraduate degree) 
–0.56 0.74 –0.76 0.45 
Mother’s age  –0.06 0.02 –2.75 0.01 
Marital relationship (married) –0.20 0.30 –0.66 0.51 
Mother drank during pregnancy 
(yes) 
–0.41 0.19 –2.18 0.03 
Mother smoked during 
pregnancy (yes) 
0.56 0.31 1.79 0.07 
Socio-economic status (low 
SES) 
1.65 0.40 4.12 < 0.001 
Mother’s depression Kessler K6 
scale 
–2.69 0.18 –15.20 < 0.001 
Number of weeks of gestation  –0.04 0.05 –0.84 0.40 
Parental warmth scale –0.81 0.23 –3.58 < 0.001 
Intercept = 28.64, R Squared  = 0.15 , Adjusted  R Squared  = 0.15 
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The LSAC Birth cohort  Teacher-rated SDQ Prosocial behaviour 
Variables B S.E t Sig. 
Child’s age  0.01 0.01 0.86 0.39 
Total gestational UV exposure –0.00 0.03 –0.00 0.99 
Child’s gender (male) –1.13 0.11 –10.80 < 0.001 
Indigenous status  (no) –0.12 0.44 –0.27 0.79 
Mother’s education 
(postgraduate degree) 
–0.62 0.43 –1.43 0.15 
Mother’s age  –0.03 0.01 –2.11 0.04 
Marital relationship (married) 0.04 0.18 0.19 0.85 
Mother drank during pregnancy 
(yes) 
0.04 0.11 0.40 0.69 
Mother smoked during 
pregnancy (yes) 
0.05 0.18 0.27 0.79 
Socio-economic status (low 
SES) 
–0.21 0.24 –0.89 0.37 
Mother’s depression Kessler K6 
scale 
0.29 0.11 2.71 0.01 
Number of weeks of gestation  –0.02 0.03 –0.60 0.55 
Parental warmth scale –0.04 0.14 –0.29 0.77 
Intercept = 7.95, R Squared  = 0.07, Adjusted  R Squared  = 0.06 
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The LSAC Birth cohort  Teacher-rated SDQ Hyperactivity 
Variables B S.E t Sig. 
Child’s age  –0.00 0.01 –0.21 0.83 
Total gestational UV exposure 0.05 0.03 1.88 0.06 
Child’s gender (male) 1.23 0.10 12.05 < 0.001 
Indigenous status  (no) 0.84 0.43 1.95 0.05 
Mother’s education 
(postgraduate degree) 
–0.06 0.42 –0.13 0.90 
Mother’s age  0.02 0.01 1.59 0.11 
Marital relationship (married) –0.21 0.18 –1.20 0.23 
Mother drank during pregnancy 
(yes) 
–0.12 0.11 –1.11 0.27 
Mother smoked during 
pregnancy (yes) 
0.01 0.18 0.07 0.94 
Socio-economic status (low 
SES) 
0.64 0.24 2.72 0.01 
Mother’s depression Kessler K6 
scale 
–0.28 0.10 –2.72 0.01 
Number of weeks of gestation  –0.02 0.03 –0.70 0.48 
Parental warmth scale 0.19 0.13 1.40 0.16 
Intercept = 1.10, R Squared  = 0.09, Adjusted  R Squared  = 0.09 
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The LSAC Birth cohort  Teacher-rated SDQ Emotional symptoms 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.72 0.47 
Total gestational UV exposure 0.01 0.02 0.28 0.78 
Child’s gender (male) –0.06 0.07 –0.82 0.41 
Indigenous status  (no) 0.51 0.30 1.73 0.08 
Mother’s education 
(postgraduate degree) 
0.02 0.29 0.07 0.95 
Mother’s age  0.00 0.01 0.27 0.79 
Marital relationship (married) –0.03 0.12 –0.21 0.83 
Mother drank during pregnancy 
(yes) 
–0.12 0.07 –1.66 0.10 
Mother smoked during 
pregnancy (yes) 
–0.21 0.12 –1.70 0.09 
Socio-economic status (low 
SES) 
0.01 0.16 0.05 0.96 
Mother’s depression Kessler K6 
scale 
–0.19 0.07 –2.71 0.01 
Number of weeks of gestation  –0.01 0.02 –0.71 0.48 
Parental warmth scale –0.01 0.09 –0.11 0.91 
Intercept = 1.20, R Squared  = 0.01, Adjusted  R Squared  = 0.00 
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The LSAC Birth cohort  Teacher-rated SDQ Peer problems 
Variables B S.E t Sig. 
Child’s age  –0.00 0.00 –0.80 0.43 
Total gestational UV exposure 0.01 0.02 0.68 0.50 
Child’s gender (male) 0.18 0.08 2.36 0.02 
Indigenous status  (no) 0.35 0.32 1.10 0.27 
Mother’s education 
(postgraduate degree) 
0.05 0.31 0.17 0.87 
Mother’s age  0.01 0.01 0.77 0.44 
Marital relationship (married) –0.14 0.13 –1.11 0.27 
Mother drank during pregnancy 
(yes) 
–0.06 0.08 –0.81 0.42 
Mother smoked during 
pregnancy (yes) 
–0.19 0.13 –1.42 0.16 
Socio-economic status (low 
SES) 
0.16 0.17 0.91 0.36 
Mother’s depression Kessler K6 
scale 
–0.15 0.08 –1.94 0.05 
Number of weeks of gestation  –0.01 0.02 –0.60 0.55 
Parental warmth scale 0.04 0.10 0.36 0.72 
Intercept = 2.55, R Squared  = 0.01, Adjusted  R Squared  = 0.00 
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The LSAC Birth cohort  Teacher-rated SDQ Conduct problems 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 0.04 0.97 
Total gestational UV exposure –0.02 0.02 0.92 0.36 
Child’s gender (male) 0.46 0.08 5.98 < 0.001 
Indigenous status  (no) 0.29 0.32 0.91 0.36 
Mother’s education 
(postgraduate degree) 
0.24 0.32 0.77 0.44 
Mother’s age  0.01 0.01 0.67 0.51 
Marital relationship (married) –0.16 0.13 –1.21 0.23 
Mother drank during pregnancy 
(yes) 
–0.04 0.08 –0.55 0.58 
Mother smoked during 
pregnancy (yes) 
0.07 0.13 0.51 0.61 
Socio-economic status (low 
SES) 
–0.03 0.18 –0.16 0.87 
Mother’s depression Kessler K6 
scale 
–0.09 0.08 –1.16 0.25 
Number of weeks of gestation  0.02 0.02 0.89 0.38 
Parental warmth scale 0.03 0.10 0.30 0.76 
Intercept = –0.22, R Squared  = 0.03, Adjusted  R Squared  = 0.02 
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The LSAC Birth cohort  Teacher-rated SDQ  Total difficulties 
Variables B S.E t Sig. 
Child’s age  –0.00 0.01 –0.10 0.92 
Total gestational UV exposure 0.05 0.06 0.84 0.40 
Child’s gender (male) 1.81 0.23 7.90 < 0.001 
Indigenous status  (no) 2.00 0.97 2.06 0.04 
Mother’s education 
(postgraduate degree) 
0.26 0.95 0.27 0.78 
Mother’s age  0.03 0.03 1.28 0.20 
Marital relationship (married) –0.54 0.39 –1.36 0.17 
Mother drank during pregnancy 
(yes) 
–0.34 0.24 –1.43 0.15 
Mother smoked during 
pregnancy (yes) 
–0.31 0.40 –0.79 0.43 
Socio-economic status (low 
SES) 
0.77 0.53 1.47 0.14 
Mother’s depression Kessler K6 
scale 
–0.71 0.23 –3.05 0.002 
Number of weeks of gestation  –0.03 0.06 –0.42 0.67 
Parental warmth scale 0.24 0.30 0.81 0.42 
Intercept = 4.53, R Squared  = 0.05, Adjusted  R Squared  = 0.04 
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The LSAC Birth cohort  Parent-rated STST Sociability Temperament 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 1.81 0.07 
Total gestational UV exposure –0.02 0.01 –1.21 0.23 
Child’s gender (male) 0.16 0.05 3.34 0.001 
Indigenous status  (no) 0.14 0.18 0.80 0.43 
Mother’s education 
(postgraduate degree) 
0.10 0.20 0.52 0.60 
Mother’s age  –0.01 0.01 –1.20 0.23 
Marital relationship (married) –0.01 0.08 –0.07 0.94 
Mother drank during pregnancy 
(yes) 
0.06 0.05 1.20 0.23 
Mother smoked during 
pregnancy (yes) 
0.13 0.08 .151 0.13 
Socio-economic status (low 
SES) 
–0.01 0.11 –0.08 0.94 
Mother’s depression Kessler K6 
scale 
0.10 0.05 2.05 0.04 
Number of weeks of gestation  0.01 0.01 0.64 0.52 
Parental warmth scale 0.14 0.06 2.25 0.03 
Intercept = 1.29, R Squared  = 0.02, Adjusted  R Squared  = 0.01 
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The LSAC Birth cohort  Parent-rated STST Persistence Temperament 
Variables B S.E t Sig. 
Child’s age  0.00 0.00 1.09 0.28 
Total gestational UV exposure 0.00 0.01 0.28 0.78 
Child’s gender (male) –0.20 0.04 –5.38 < 0.001 
Indigenous status  (no) –0.03 0.14 –0.25 0.80 
Mother’s education 
(postgraduate degree) 
0.00 0.15 0.02 0.98 
Mother’s age  0.00 0.00 0.08 0.94 
Marital relationship (married) –0.02 0.06 0.36 0.72 
Mother drank during pregnancy 
(yes) 
–0.04 0.04 –0.98 0.33 
Mother smoked during 
pregnancy (yes) 
–0.08 0.06 –1.17 0.24 
Socio-economic status (low 
SES) 
–0.15 0.08 –1.79 0.07 
Mother’s depression Kessler K6 
scale 
0.18 0.04 5.13 < 0.001 
Number of weeks of gestation  0.00 0.01 0.25 0.81 
Parental warmth scale 0.07 0.05 1.51 0.13 
Intercept = 2.59, R Squared  = 0.04, Adjusted  R Squared  = 0.03 
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The LSAC Birth cohort  Parent-rated STST Reactivity Temperament 
Variables B S.E t Sig. 
Child’s age  –0.00 0.00 –2.20 0.03 
Total gestational UV exposure 0.02 0.01 2.00 0.05 
Child’s gender (male) 0.13 0.03 3.75 < 0.001 
Indigenous status  (no) 0.03 0.13 0.21 0.84 
Mother’s education 
(postgraduate degree) 
–0.14 0.14 –1.01 0.31 
Mother’s age  –0.00 0.00 –0.28 0.78 
Marital relationship (married) –0.06 0.06 –1.12 0.27 
Mother drank during pregnancy 
(yes) 
–0.01 0.04 –0.25 0.80 
Mother smoked during 
pregnancy (yes) 
0.10 0.06 1.75 0.08 
Socio-economic status (low 
SES) 
0.06 0.07 0.81 0.42 
Mother’s depression Kessler K6 
scale 
–0.39 0.03 –11.66 <0.001 
Number of weeks of gestation  –0.01 0.01 –1.25 0.21 
Parental warmth scale –0.18 0.04 –4.07 < 0.001 
Intercept = 6.44, R Squared  = 0.08, Adjusted  R Squared  = 0.08 
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The LSAC Birth cohort  Parent-rated  PEDSQL Psychosocial health 
Variables B S.E t Sig. 
Child’s age  0.06 0.02 2.55 0.01 
Total gestational UV exposure –0.23 0.12 –1.92 0.06 
Child’s gender (male) –0.26 0.45 –0.57 0.57 
Indigenous status  (no) –1.76 1.68 –1.05 0.29 
Mother’s education 
(postgraduate degree) 
–1.75 1.86 –0.95 0.35 
Mother’s age  –0.10 0.05 –1.92 0.05 
Marital relationship (married) 0.33 0.76 0.44 0.66 
Mother drank during pregnancy 
(yes) 
–1.01 0.47 –2.17 0.03 
Mother smoked during 
pregnancy (yes) 
–0.29 0.78 –0.37 0.72 
Socio-economic status (low 
SES) 
–1.36 1.00 –1.36 0.18 
Mother’s depression Kessler K6 
scale 
6.56 0.44 14.76 < 0.001 
Number of weeks of gestation  0.06 0.12 0.54 0.59 
Parental warmth scale 2.33 0.57 4.10 < 0.001 
Intercept = 33.28, R Squared  = 0.11, Adjusted  R Squared  = 0.10 
